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Description 

Field of the Invention 

[0001] This invention is in the field of assay devices, 
including devices for ligand-receptor methods which are 
used for the detection of selected analytes in a fluid 
sample. More particularly, this invention relates to 
devices for performing solid-phase assays requiring a 
separation of bound from unbound labeled reagents. 
The inventive devices described herein may be used in 
the performance of assays to obtain qualitative, semi- 
quantitative or quantitative determinations of one or 
more analytes within a single test format. 

Background of t h e Inv en ti on 

[0002] As used herein, the term ligand-receptor" 
assay refers to an assay for an analyte which may be 
detected by the formation of a complex between a lig- 
and and another substance capable of specific interac- 
tion with that ligand, i.e., ligand receptor. The ligand 
may be the analyte itself or a substance which, if 
detected, can be used to infer the presence of the ana- 
lyte in a sample. In the context of the present invention, 
the term "ligand", includes haptens, hormones, anti- 
gens, antibodies, deoxyribonucleic acid (DNA), ribonu- 
cleic acids (RNA), metabolites of the aforementioned 
materials and other substances of either natural or syn- 
thetic origin which may be of diagnostic interest and 
have a specific binding partner therefor, i.e., the ligand- 
receptor in the ligand-receptor assay. The term "ligand 
receptor" includes materials for which there is a specific 
binding partner, i.e., the ligand of the ligand-receptor 
assay. Those skilled in the art will appreciate that the 
analyte of interest, a member of a specific binding pair, 
may be either ligand or ligand receptor depending upon 
assay design. 

[0003] Ligand-receptor assays are generally useful for 
the in-vitro determination of the presence and/or con- 
centration of ligands in body fluids, food products, and 
environmental samples. For example, the determination 
of specific hormones, proteins, therapeutic drugs, and 
toxins in human body fluids has significantly improved 
the ability of medical practice to diagnose and minister 
to the human condition. There is a continuing need for 
simple, rapid, non-instrumental assays for the qualita- 
tive and semi-quantitative determination of such ligands 
in a sample. This need for simple, rapid methods entails 
a concomitant requirement for assay devices to comple- 
ment such assay methods. Furthermore, in many situa- 
tions, such assays methods need to be simple enough 
to be performed and interpreted by non-technical users 
without the requirement of costly and complex appara- 
tus suitable for use only in a laboratory setting by highly 
skilled personnel. 

[0004] Ligand-receptor assays rely on the binding of 
ligands by receptors to determine the concentration of 



ligands in a sample. Ligand-receptor assays can be 
characterized as either competitive or non-competitive. 
Non-competitive assays generally utilize receptors in 
substantial excess over the amount of ligand to be 

5 determined. Sandwich assays, in which the ligand is 
detected by binding to two receptors, one receptor 
labeled to permit detection and a second receptor typi- 
cally bound to a solid phase to facilitate separation of 
bound from unbound reagents, such as unbound 

10 labeled first receptor, are examples of noncompetitive 
ligand-receptor assays. Proteins, hormones and deox- 
yribonucleic acid (DNA) are examples of ligands com- 
monly detected using non-competitive assays. 
Competitive assays generally involve ligand from the 

75 sample, a ligand analogue labeled to permit detection, 
and the competition of these species for a limited 
number of ligand receptor binding sites. Examples of 
ligands which are commonly measured by competitive 
ligand-receptor assays include haptens, hormones and 

20 proteins. Antibodies that can bind these classes of lig- 
ands are frequently used in both non-competitive and 
competitive assays as the ligand receptors. 
[0005] Ligand-receptor assays can be further 
described as being either homogeneous or heterogene- 

25 ous. In homogeneous assays, all of the reactants partic- 
ipating in the reaction are admixed and the quantity of 
ligand is determined by its effect on the binding events 
involving the labeled species. The signal observed is 
modulated by the extent of this binding and can be 

30 related to the amount of ligand in the sample. U.S. Pat- 
ent No. 3,817,837 describes such a homogeneous, 
competitive immunoassay in which the labeled ligand 
analogue is a ligand-enzyme conjugate and the ligand 
receptor is an antibody capable of binding to either the 

35 ligand or the ligand analogue. The binding of the anti- 
body to the ligand-enzyme conjugate decreases the 
activity of the enzyme relative to the activity observed 
when the ligand-enzyme conjugate is in the unbound 
state. Due to competition between unbound ligand and 

40 ligand-enzyme conjugate for antibody binding sites, as 
the ligand concentration increases the amount of free 
ligand-enzyme conjugate increases and thereby 
increases the observed signal. The product of the 
enzyme reaction may then be measured kinetically 

45 using a spectrophotometer. 

[0006] Heterogeneous ligand-receptor assays require 
a separation of bound labeled ligand receptor or labeled 
ligand analogue from the free labeled ligand receptor or 
labeled ligand analogue and a subsequent measure- 
so ment of either the bound or the free fraction. Methods 
for performing such heterogeneous, competitive assays 
are described in U.S. Patent Nos. 3,654,090, 4,298.685, 
and 4,506,009; such a non-competitive assay is 
described in U.S. Patent No. 4,376, 110. 

55 [0007] The need for ligand-receptor assays that can 
be performed without the use of instrumentation has led 
to the development of assay devices that can be visually 
interpreted; U.S. Patent Nos. 4,125,372, 4,200;690, 
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4,246,339, 4,366,241, 4,446.232, 4,477,576, 
4,496,654, 4,632,901, 4,727,019, and 4,740,468 
describe devices and methods for heterogeneous, lig- 
and-receptor assays that can develop colored 
responses to permit visual interpretation of the results. 5 
[0008] Among the first devices developed for ligand- 
receptor assays were simple dipstick type devices 
designed for contacting a porous material such as a 
membrane with both the sample and labeled reagents 
via immersion allowing appropriate reagent incubations 10 
to occur and then separating the free from the bound 
label using a wash step. Such devices are described in 
U.S. Patent Nos. 3,715,192, 4,200,690, and 4,168,146 
and EPO Pubn Nos. 0 032 286 and 0 063 810. A com- 
mon distinguishing feature of devices constructed in a 15 
dipstick format is the absence of a fluid receiving zone 
within the device for containing the sample, liquid rea- 
gents and wash solutions after the performance of the 
sample and reagent incubations and the separation of 
free from bound label. The lack of such a fluid receiving 20 
zone precludes characterization of such a dipstick 
device as self-contained, given that some external fluid 
receptor must be provided to capture used sample, 
unbound labeled reagents and spent wash fluid. 
[0009] A class of devices which constitute an improve- 25 
ment over the simple dipstick construct is the immuno- 
chromatographic test strip device. This class of device 
generally exhibits improved sensitivity in ligand detec- 
tion relative to that of simple dipstick devices by virtue of 
the ligand concentrating effect achieved by the flow of 30 
sample containing the ligand past an immobilized ligand 
receptor zone. Such devices also provide a limited fluid 
receiving zone for fluids used in the performance of the 
assay. A fluid receiving zone is created by increasing 
the length of the porous member to provide a suitable 35 
amount of total void volume capacity. Such devices are 
described in US. Patent Nos. 4,094,647, 4,235,601, 
4,361,537, 4,366,241, 4,435,504, 4,624,929, 
4,740,468, 4,756,828, and 4,757,004; EPO Pubn Nos. 
0 267 006, 0 271 204, and 0 299 428; and PCT Appl. 40 
No. US86/0668. Even though such immunochromato- 
graphic devices do include a limited fluid receiving zone, 
they do not enable an efficient free/bound label separa- 
tion, since the rate of separation is slow and limited by 
the rate at which fluid travels along the length of the 45 
porous member. Some immunochromatographic 
devices are so limited by the capacity of their fluid zone 
that no free/ bound label separation can be performed; 
such devices rely upon the increase in concentration of 
label at the immobilized ligand receptor zone to distin- so 
guish bound from free label. A need exists for a device 
that is both efficient and rapid in performing separation 
of the free from the bound label in an assay. 
[0010] A specialized form of an immunochromato- 
graphic device is employed in the method of radial par- 55 
tition immunoassay. In this assay method, the sample 
and labeled reagents are carefully applied to the immo- 
bilized receptor zone in the center of the porous mate- 



rial. The wash fluid is then also carefully applied to the 
immobilized receptor zone and the unbound label flows 
radially away from the central immobilized receptor 
zone. Radial partition immunoassay devices like the 
aforementioned immunochromatographic devices 
require that the volume of wash fluid be less than the 
total void volume of the porous member containing the 
ligand receptor since it is the void volume of the porous 
member in excess of the volume of the sample which 
provides the necessary additional fluid capacity. Such 
radial partition immunoassay devices are described in 
U.S. Patent Nos. 4,517,288, 4,670,381, 4,752,562, 
4,774,174, and 4,786,606. Devices used for radial parti- 
tion immunoassay are not generally suitable for the 
detection of a multiplicity of ligands. The usable ligand 
detection zone necessarily must be relatively small and 
constrained since the physical separation of free and 
bound labeled species is strictly limited by the dimen- 
sions of the device and the total fluid capacity of the 
porous member. 

[0011] Immunochromatographic and radial partition 
immunoassay devices depend primarily on horizontal 
separation, i.e., along or within the plane of the porous 
member, of the free and bound labeled species in order 
to achieve acceptable physical separation of the free 
from the bound labeled reagents. A separate class of 
devices utilizes flow of fluid in a direction which is prima- 
rily transverse to the plane of the porous member. 
Devices which operate in this manner may be generally 
referred to as "flow-through" devices. The absorbent 
material which constitutes the fluid receiving zone in 
these devices can either be in non-continuous contact 
with the porous member containing immobilized recep- 
tor as described in U.S. Patent Nos. 3,888,629 and 
4,246,339 or in continuous contact with the porous 
member as described in U.S. Patent Nos. 4,366,241 , 
4,446,232, 4,632,901 and 4,727,019, and in EPO. Pubn 
No. 0 281 201. Devices in which the absorber is not in 
continuous contact with the porous member such as 
described in U.S. Patent Nos. 3,888,629 and 4,246,339 
allow the contact of the solutions containing sample 
and/or labeled reagents with the porous member to 
occur prior to permitting flow of the labeled reagent 
solution into the fluid absorbent. Since the contact is not 
continuous between the absorber and the porous mem- 
ber, the volume of fluid needed to ensure that the 
porous member is completely saturated is only the void 
volume of the porous member. Such non-continuous 
contact devices are inherently more efficient at utiliza- 
tion of sample and labeled reagents and thus by this 
measure are more cost-effective than are continuous 
contact flow-through devices such as those described in 
U.S. Patent Nos. 4,446,232, 4,632,901 and 4,727,019. 
The non-continuous contact flow-through devices how- 
ever, have the disadvantage that a physical motion is 
required by the assayist to bring the separated absorber 
into contact with the porous member and to thereby 
enable the flow of fluid needed for separation of free 
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label from bound label. The requirement of direct 
mechanical intervention is not desirable from the per- 
spective of ease of use by non-trained users, as it intro- 
duces a step which may be subject to error. The 
continuous contact flow-through devices eliminate the s 
need for active intercession by the user to complete the 
fluid contact between the absorber and the porous 
member, but are less efficient in the utilization of costly 
labeled reagents. The flow characteristics of such 
devices are optimized such that fluid flow in the direction w 
transverse to the plane of the porous member is pre- 
ferred. Thus, a reagent volume substantially greater 
than the void volume of the porous member is required 
to ensure that the entire porous member has been con- 
tacted with the solution containing reagents. Since nei- 75 
ther the non-continuous nor the continuous contact 
flow-through devices described in the prior art are capa- 
ble of providing a device which exhibits the characteris- 
tics both of efficient use of labeled reagents and of 
avoiding the need for an additional mechanical interces- 20 
sion step, there remains an unmet need for a device 
with such attributes. 

[001 2] The inventive devices herein described are not 
limited to either a flow through or an immunochromato- 
graphic method but rather may be modified to achieve 25 
the benefits of both by, for example, controlling the 
placement of the sample or the design and placement of 
the porous and non-absorbent members. In preferred 
embodiments reagent flow is primarily tangential to the 
porous membrane while washing reagent flow is prima- 30 
rily transverse to the membrane and then into the net- 
work of capillary channels. These features distinguish 
this invention over the flow-through and immunochro- 
matographic devices of the prior art. 
[001 3] Control of the rate and path of fluid flow in an 35 
assay device can be of paramount importance. To 
achieve this end, a number of devices have been 
described in the prior art which use surfaces with specif- 
ically arranged geometric elements to control the path 
and the rate of fluid flow. Devices such as are described 40 
in US-A-3 690 836 and US-A-4 426 451 and EP-A-0 
034 049 utilise an arrangement in which a porous mem- 
ber is placed between smooth surfaced planar sheets of 
a non-absorbent material in order to contain a fluid 
within the porous material. Devices such as are 45 
described in US-A-4 233 029 and US-A-4 310 399 use 
geometric arrangements of capillary channels to modu- 
late the flow of fluid, such that fluid is directed to flow in 
regular geometric patterns and at controlled rates. A 
device for controlling the delivery of fluid to a porous so 
member using a textured surface possessing a surface 
capillary network is described in EP-A-0 239 174 on 
which the precharacterising portions of claims 1 and 2 
are based. A liquid delivery device using channels 
between two grooved members is disclosed in EP-A-0 55 
14 797. While the devices described are suitable for 
control of fluid flow, they fail to control fluid flow through 
a porous member such that assay devices can be con- 



structed to make efficient use of sample and labelled 
reagents and to contain a suitable fluid receiving zone 
for use in achieving a rapid and efficient separation of 
free from bound labelled species in an assay. Thus 
remains a need which has been unmet by any of the 
aforementioned architecture-controlled flow devices. 
[0014] A preferred device for performing ligand-recep- 
tor assays should not impose the need for mechanical 
intercession on the assay procedure because this may 
introduce operator error. The inventive devices herein 
described and claimed are efficient in their use of sam- 
ple and costly reagents and produce an adequate fluid 
receiving zone for all liquid reagents, particularly those 
of the free/bound separation step in an assay. The 
devices are capable of supporting ligand-receptor 
assays directed to simultaneous detection of a multiplic- 
ity of target ligands and they may be used in ligand- 
receptor assay formats which are analogous both to 
those of flow-through assays and to those of immuno- 
chromatographic assays. 

[001 5] One advantage of the devices herein described 
is the efficient use of reagents while incurring a mini- 
mum number of steps in the assay protocol. The device 
allows one to use a large porous membrane and to 
cover it with multiple ligand receptor zones, because it 
ensures that the sample will flow over and cover the 
entire membrane. This is accomplished without the 
need for either large sample volumes or mechanical 
action. Another advantage of this invention is the non- 
absorbent member. When an excess volume of fluid is 
added, the network of capillary channels formed by the 
contact of the porous member and the non-absorbent 
member ensures washing efficiency by directing flow 
away from the porous member, thereby ensuring good 
separation of free from bound labelled conjugate. In one 
embodiment, the inventive device can be employed in 
assays using flow-through methods. In another embod- 
iment, the described device can perform assays using 
immunochromatographic methods. Further, the devices 
of the present invention efficiently perform the task of 
separating free labelled species from bound labelled 
species, a pivotal requirement for heterogeneous lig- 
and-receptor assay methods. 
[001 6] According to the present invention, there is pro- 
vided a device for performing a heterogeneous assay, 
comprising: 

(a) a porous member comprising a plurality of pores 
for physically entrapping at least one target ligand 
in said porous member from a fluid sample, said 
porous member being adapted to receive a labelled 
reagent for detecting the presence or amount of 
said at least one target ligand; and 

(b) a non-absorbent member having a textured sur- 
face, said non-absorbent member being in fluid 
communication with said porous member, said non- 
absorbent member being directly in contact and 
forming a network of capillary channels with said 
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porous member, wherein said fluid communication 
in said capillary channels is from said porous mem- 
ber to said non-absorbent member. 

[0017] The present invention also provides a device s 
for performing a heterogeneous assay, comprising: 

(a) a porous member comprising at least one bind- 
ing agent immobilised in at least one zone, said 
binding agent capable of immobilising by specific 10 
binding at least one target ligand in said porous 
member from a fluid sample in said at least one 
zone, said porous member being adapted to 
receive a labelled reagent for detecting the pres- 
ence or amount of said at least one target ligand; 15 
and 

(b) a non-absorbent member having a textured sur- 
face, said non-absorbent member being in fluid 
communication with said porous member, said non- 
absorbent member being directly in contact and 20 
forming a network of capillary channels with said 
porous member, wherein said fluid communication 

in said capillary channels is from said porous mem- 
ber to said non-absorbent member. 

25 

[001 8] The present invention further provides a device 
for performing a heterogeneous assay, comprising: 

(a) a porous member comprising at least one bind- 
ing agent in form of a ligand receptor immobilised in 30 
at least one zone, said ligand receptor capable of 
immobilising by specific binding at least one ligand 
analogue conjugate or at least one target ligand in 
said porous member such that said at least one lig- 
and analogue conjugate is immobilised in an 35 
amount related to the amount of said at least one 
target ligand in a fluid sample in said at least one 
zone, said porous member being adapted to 
receive said at least one ligand analogue conjugate 

for detecting the presence or amount of said at 40 
least one target ligand; and 

(b) a non-absorbent member having a textured sur- 
face, said non-absorbent member being in fluid 
communication with said porous member, said non- 
absorbent member being directly in contact and 45 
forming a network of capillary channels with said 
porous member, wherein said fluid communication 

in said capillary channels is from said porous mem- 
ber to said non-absorbent member. 

so 

[0019] Thus, the device is particularly useful for per- 
forming a ligand-receptor assay in which it is necessary 
to separate free from bound labelled reagents. In gen- 
eral, the devices are useful in situations where it is 
desirable to remove label not complexed to immobilised ss 
binding agent from label which is complexed to binding 
agent. The apparatus of the present invention includes 
a porous member such as a membrane or a filter onto 
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which may be bound a multiplicity of binding agents, 
such as an antibody, preferably a monoclonal antibody 
against the target ligand (Figures 1 and 2). The textured 
surface of the non-absorbent member may be a 
grooved surface such as the surface of a record or it 
may be composed of channels, such that when the 
porous and non-absorbent members are brought into 
contact with one another a network of capillary chan- 
nels is formed. The capillary network is formed from the 
contact of the porous member with the textured surface 
of the non-absorbent member and can be constructed 
either before or subsequent to the initial contacting of 
the porous member with a fluid. In some embodi- 
ments.the capillary communication between the porous 
member and the non-absorbent member favours delay- 
ing the transferral of fluid from the porous member to the 
capillary network formed by the porous member and the 
textured surface of the non-absorbent member until the 
volume of the added fluid substantially exceeds the void 
volume of the porous member. The transferral of fluid 
from the porous member to the network of capillary 
channels formed by the porous member and the tex- 
tured surface of the non-absorbent member, occurs 
without the use of external means to induce fluid trans- 
ference including but not limited to positive external 
pressure, vacuum or contact with an absorbent mate- 
rial. The devices of the present invention may also 
include an optional member which is placed in contact 
with the upper surface of the porous member and may 
be used to partition the upper surface of the device into 
discrete openings. Such openings can access either the 
porous member or the textured surface of the non- 
absorbent second member. The optional member can, 
in conjunction with the non-absorbent member com- 
pose a fluid receiving zone in which there is no interven- 
ing porous member. A fluid receiving zone constructed 
from the non-absorbent member and the optional mem- 
ber provides fluid capacity in addition to that provided by 
the network of capillary channels created by the contact 
of the porous member and the non-absorbent member. 
The openings in the optional member may include a first 
fluid opening and also an additional fluid opening. The 
first fluid opening functions as a portal for the introduc- 
tion of the first fluid added to the device. The additional 
fluid opening serves as an additional portal through 
which additional fluids may be added to the inventive 
device. 

[0020] The first fluid added to the device is the sam- 
ple. Depending on the structure of the assay protocol, 
the sample may include, but is not limited to, sample- 
derived target ligand, labelled ligand analogue conju- 
gate, labelled ligand receptor conjugate, ligand recep- 
tor, binding agent, free/bound label separation reagents 
and/or elements of the signal development system. 
Additional fluids added to the device may contain the 
remaining reagents necessary to complete the assay 
procedure. Additional fluid reagents depending on the 
assay protocol may include, but are not limited to, spec- 
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imen-derived target ligand, labelled ligand analogue 
conjugate, labelled ligand receptor conjugate, ligand 
receptor, binding agent, free/bound separation reagents 
and/or elements of the signal development system. 
Depending on the structure of the assay protocol, sev- 5 
eral additional fluid reagents may be needed to com- 
plete the assay procedure with the composition of 
successive additional fluid reagents varied as appropri- 
ate to the assay protocol. 

[0021] The invention also provides various assay 10 
methods using the devices of this invention. These com- 
prise in part the steps of adding a volume of the sample 
to the porous member, where the sample permeates 
the void volume of the porous member and thereby con- 
tacts the ligand receptor immobilised on the porous 15 
member. In a non-competitive ligand receptor assay, the 
sample containing a target ligand is applied to the 
porous member and the target ligand is bound by the 
ligand receptor which is non-diffusively immobilised on 
the porous member. Labelled second ligand receptor is 20 
then added as an additional fluid and binds to the com- 
plex of ligand and immobilized first ligand receptor. 
Alternatively labeled second ligand receptor can be 
combined with the target ligand to form the sample prior 
to application of the sample to the porous member so 25 
that the binding of labeled second ligand receptor to tar- 
get ligand occurs prior to the binding of target ligand to 
first ligand receptor immobilized on the porous member. 
Alternatively, the target ligand, labeled second ligand 
receptor and first ligand receptor are combined and the 30 
complex of first ligand receptor/target ligand/labeled 
second ligand receptor binds to a binding agent that is 
either combined with these reagents or is immobilized 
on the porous member. An additional fluid containing 
reagents to effect a separation of free from bound 35 
labeled reagents may be added to remove excess lig- 
and and excess labeled second ligand receptor, if 
needed. This device is designed to provide sufficient 
sensitivity to measure low concentrations of target lig- 
and because one can use large amounts of sample and 40 
efficiently remove the excess of either of both target lig- 
and and labeled second ligand receptor. Indeed, the 
efficient separation of free from bound label achieved by 
the network of capillary channels of this device 
improves the discrimination of specific ligand associ- 45 
ated signal over non-specific background signal. If 
needed, a signal developer solution is then added to 
enable the label of the labeled second ligand receptor to 
develop a detectable signal. The signal developed may 
then be related to the concentration of the target ligand so 
within the sample. In a preferred embodiment, the trans- 
fer of fluid between the porous first member of the 
device and the network of capillary channels formed by 
the contact of the porous member and textured surface 
of the non-absorbent second member of the device is ss 
generally self-initiated at the point when the total vol- 
ume of fluid added to the device exceeds the void vol- 
ume of the porous member, thus obviating the need for 



active interaction by the user to remove excess fluid 
from the analyte detection zone. The point at which the 
fluid transfer is initiated is dependent upon the objec- 
tives of the assay. Normally, it is desirable to contact the 
sample with all of the zones on the porous member 
which contain immobilized receptor so that the applica- 
tion of additional fluid effects the separation of unbound 
label from label which has bound to the porous member. 
[0022] A competitive ligand receptor assay may be 
performed using the devices of the present invention by 
adding a sample containing the target ligand and 
labeled ligand analogue conjugate to ligand receptor 
immobilized on the porous member. Labeled ligand 
analogue conjugate and target ligand compete for the 
binding sites of the ligand receptor. Alternatively, ligand 
receptor may be combined with target ligand and 
labeled ligand analogue with subsequent immobilization 
of ligand receptor onto the porous member through con- 
tact with a binding agent. An additional fluid to separate 
the free from bound label may be added to the device, 
followed if needed by a signal development solution to 
enable detection of the label of the labeled ligand ana- 
logue conjugate which has complexed with ligand 
receptor immobilized on the porous member. The 
amount of labeled ligand analogue conjugate bound to 
the porous member is related to the concentration of 
target ligand in the sample. The fluid transfer between 
the porous member and the network of capillary chan- 
nels formed by the contact of the porous member and 
the textured surface of the non-absorbent second mem- 
ber is generally self-initiated when substantially all the 
void volume of the porous member has been filled with 
fluid. The method of the present invention thereby ena- 
bles the detection of analytes in a manner which is sim- 
ple, rapid, convenient, sensitive and efficient in the use 
of labeled reagents. 

[0023] The invention will be further described by way 
of example, with reference to the accompanying draw- 
ings, in which:- 

FIG. 1 is an enlarged top view of an apparatus for 
performing an immunoassay in accordance with the 
present invention. 

FIG. 2 is a section view, on an enlarged scale, of 

the apparatus represented in FIG. I. 

FIG. 3 is an enlarged perspective view of a textured 

surface with a single set of linear channels. 

FIG. 4 is an enlarged perspective view of a textured 

surface composed of two sets of channels with 

equal channel widths. 

FIG. 5 is an enlarged perspective view of a textured 
surface composed of two sets of channels with dis- 
similar channel widths. 

FIG. 6 is an enlarged top view of a device with a 
porous member over a textured surface non- 
absorbent member. 

FIG. 7 is a section view, on an enlarged scale, of 
the device represented in FIG. 6. 
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FIG. 8 is an enlarged top view of a device with a 
porous member between a textured surface non- 
absorbent member and an optional member in 
which the sample is added to the device via a first 
fluid opening in which the porous member exposed 
by the first fluid opening cannot form a capillary net- 
work with the textured surface of the non-absorbent 
second member and an additional fluid opening in 
which the porous member exposed by the addi- 
tional fluid opening forms a network of capillary 
channels with the textured surface of the non- 
absorbent member. 

FIG. 9 is a section view, on an enlarged scale, of 
the device represented in FIG. 8. 
FIG. 10 is an enlarged top view of a device with a 
porous member between a textured surface non- 
absorbent member and an optional member in 
which the sample is added via a first fluid opening 
such that the textured surface exposed by the first 
fluid opening cannot form a capillary network with 
the porous first member and an additional fluid 
opening in which the porous member exposed by 
the additional fluid opening forms a network of cap- 
illary channels with the textured surface of the non- 
absorbent member. 

FIG. 1 1 is a section view, on an enlarged scale, of 
the device represented in FIG. 10. 

Definition? 

[0024] As used throughout, the following terms shall 
be defined: 

Binding Agent : a substance which is capable of 
binding by chemical, physical or immunological 
means to the ligand of diagnostic interest or a lig- 
and receptor therefor. 

Porous Member : a member of the device com- 
posed of a porous material used to provide the solid 
phase support for the binding agent. 
Void Volume : the volume of space within the porous 
member that can be occupied by fluid. 
Fluid Retentive Forces : forces which retain fluid 
within the void volume of the porous member, e.g. 
surface tension. 

Channel : an open groove of capillary dimensions 
(generally less than 0.020 of an inch). 
Capillary Channels : enclosed channel of capillary 
dimensions (generally less than 0.20 of an inch). 
Set of Channels : a group of channels identifiable by 
a set of common characteristics, e.g., alignment 
along a common device axis. 
Network of Capillary Channels : a pattern of capil- 
lary channels formed by the contact of the porous 
member and the channels of the textured surface of 
the nonabsorbent member, networks may be con- 
structed from one or more sets of channels. 
Textured Surface : non-absorbent surface capable 



of forming a network of capillary channels when the 
porous membrane is positioned above it. The tex- 
tured surface may be randomly or regularly pat- 
terned. 

5 Textured Surf ace Non- Absorbent Member : a mem- 
ber which does not absorb fluid and contains the 
textured surface on a portion of its surface. Contact 
between the textured surface of the non-absorbent 
member and the porous member forms the network 

10 of capillary channels. 

Optional Member : an additional member which 
when included in the device permits the upper sur- 
face of the device to be partitioned into discrete 
openings. 

15 First Fluid Opening: an opening in the optional 
member to permit the introduction of the sample 
into the device. 

Additional Fluid Opening : an additional opening in 
the optional member to permit the introduction of 

20 additional fluids to the device. 

Sample : the first volume of fluid added to the device 
which may include but is not limited to specimen- 
derived target ligand, labeled ligand analogue con- 
jugate, labeled ligand receptor conjugate, ligand 

25 receptor, binding agent, free/bound label separa- 
tion reagents and/or elements of the signal devel- 
opment system. 

Additional Fluid: any additional fluid which must be 
added to the device to complete the assay protocol 
30 including but not limited to specimen-derived target 
ligand, labeled ligand analogue conjugate, labeled 
ligand receptor conjugate, ligand receptor, binding 
agent, free/bound label separation reagents and/or 
elements of the signal development system. 

35 

[0025] The inventive devices herein described may be 
used in a variety of assay formats, including those 
described in U.S.Pat. No. 5,028,535, in which document 
definitions of ligand," "ligand receptor," "ligand receptor 
40 conjugate" and "ligand analogue" can be found. 

Detailed Description of the Preferred Embodiments 

[0026] The device of the present invention uses a 
45 porous member constructed of a porous material such 
as a membrane or filter. Preferred for use as porous 
members are filters or membranes which comprise, in 
part, materials which can allow fluid to enter the void 
volume of the porous material. The void volume of the 
so porous material is the volume contained within the 
dimensional limits of the material which may be occu- 
pied by fluid. It also should be noted that these inventive 
devices may be used with a variety of fluids, including 
liquids and gases. 
55 [0027] In a preferred embodiment of the device, sub- 
stantially all of the sample is retained within the confines 
of the porous member prior to fully saturating the void 
volume of the porous member. By retaining the sample 
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added to the device within the porous membrane until 
such time as the void volume of the porous membrane 
is substantially filled, only a minimum volume of sample 
is required so as to ensure that the entirety of the mem- 
brane activated with binding agent has been exposed to 
the added sample. This results in the most efficient use 
of added sample for simultaneously conducting a multi- 
plicity of target ligand detection reactions upon the 
membrane. Materials which may therefore be used as 
the porous member include materials in which there are 
operative forces which retain fluid within the material, 
i.e. fluid retentive forces. Particularly preferred for use 
as porous members are materials in which the fluid 
retentive forces exerted by the porous member on 
retained fluid are such that substantially all the void vol- 
ume of the porous material is filled prior to substantial 
fluid transfer between the porous member and the net- 
work of capillary channels created by the contact of the 
porous member with the textured surface non-absorb- 
ent member. Membranes or filters which may be used 
include those constructed of glass fibers and various 
synthetic and natural materials. 
[0028] A preferred method for achieving the appropri- 
ate fluid retentive properties within the porous member 
is the selection of a membrane, characterized by a pore 
size, such that the fluid retentive forces exerted by the 
membrane are greater than the external forces active 
on the fluid within the membrane. Examples of such 
external forces are the pressure of fluid above the mem- 
brane (fluid head pressure), gravitational forces on fluid 
within the membrane, the relative degree to which the 
material may be characterized as hydrophilic and the 
capillary forces associated with external capillaries or 
networks of capillaries which are in contact with the 
membrane. Pore sizes for membranes such as nylon 
membranes, preferred for use as porous members are 
in the range of 0.1 to 30 particularly preferred for 
use are membranes with pore sizes in the range of 0.2 
to 5 ^m. When an assay process does not require the 
saturation of substantially all of the void volume of the 
porous member prior to fluid transfer, porous materials 
exhibiting fluid retentive forces that are less than or 
equal to the external forces active on the fluid within the 
porous member may be used. Under these circum- 
stances porous members such as membranes with 
pore sizes in the range of 5 to 50 urn are preferred. 
[0029] Target ligand is captured upon the porous 
member. The capture process may utilize physical 
entrapment such as would occur during filtration in 
which the target ligand is of a size greater than the pore 
size which characterizes the porous member or may 
occur from the interaction of an agent, i.e. a binding 
agent, which is capable of binding to the target ligand or 
the ligand receptor therefor. A binding agent such as a 
ligand receptor may be directly or indirectly bound to the 
porous member. A ligand receptor, for example an anti- 
body, may be non-diffusively immobilized on the porous 
member. In a preferred embodiment, the porous mem- 



ber is a membrane such as a nylon membrane upon 
which ligand receptor is immobilized, a preferred ligand 
receptor is an antibody. The antibody may be from a pol- 
yclonal antibody preparation, though a preferred anti- 

5 body is a murine monoclonal antibody. The methods for 
preparation and screening of suitable such murine mon- 
oclonal antibodies are well known to those skilled in the 
art, see for example, Liu. D. Purssell, R. and Levy, J.Q., 
Clinical Toxicology. £5i 527-538 (1987). The murine 

10 monoclonal antibody is non-diffusively immobilized on 
the membrane either by covalent or non-covalent meth- 
ods, such methods also are well known to those skilled 
in the art, see for example, Pluskal, M.G., Przekop, 
M.B., Kavonian, M.R., Vecoli, D., Hicks, DA, BioTech- 

is niques. 4, 272-283 (1986). In a preferred embodiment 
the murine monoclonal antibody is noncovalently bound 
to a nylon membrane. In a particularly preferred embod- 
iment, the monoclonal antibody is noncovalently immo- 
bilized in a discrete zone on the nylon membrane. 

20 Immobilization of a monoclonal antibody in a discrete 
zone on the membrane composing the porous member 
is particularly preferred since this permits the surface of 
the membrane to be partitioned into a multiplicity of 
such discrete zones of immobilized antibody, the drffer- 

25 ent zones containing the same or different antibodies. 
Each discrete antibody zone may be used to complete a 
discrete immunochemical reaction and thereby a 
number of such immunochemical reactions may be per- 
formed simultaneously. 

30 [0030] In a preferred embodiment of the present 
invention the binding agent, a ligand receptor, is immo- 
bilized substantially uniformly in a single zone which 
encompasses the entirety of the porous member. In a 
further preferred embodiment, the ligand receptor is 

35 immobilized in at least one discrete zone upon the 
porous member so that any such discrete zone embod- 
ies less than the entirety of the porous member. In a 
particularly preferred embodiment, the ligand receptor 
is immobilized uniformly within one or more discrete 

40 zones. In a further particularly preferred embodiment, a 
multiplicity of ligand receptors are immobilized in a mul- 
tiplicity of discrete zones, each zone containing at least 
one ligand receptor. In a further particularly preferred 
embodiment, the multiplicity of discrete zones is at least 

45 as great as the multiplicity of target ligands to be deter- 
mined. When a multiplicity of discrete ligand receptor 
zones are present, the determination of a multiplicity of 
ligands is then enabled. 

[0031 ] The second element of the present invention is 
so a nonabsorbent construct having a surface texture 
which, when in contact with the porous member com- 
prises in part a network of capillary channels. The sur- 
face texture can be composed of either regular or 
irregular geometric elements disposed in such a man- 
55 ner to provide channels. Sets of channels are formed 
when a group of channels may be characterized by 
common features such as alignment along a single axis. 
The channels form a network of capillary channels 
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when the non-absorbent member is in contact with the 
porous member. The network of capillary channels may 
be beneath or around the porous membrane. The com- 
munication between porous and non-absorbent mem- 
bers is such that when the fluid volume added to the 
porous member is greater than the void volume of the 
porous member, fluid is transferred from the porous 
member to the network of capillary channels formed by 
the contact of the porous and non-absorbent members. 
Under some circumstances, the fluid retentive proper- 
ties of the porous member permit such fluid transfer 
before the void volume of the porous member is sub- 
stantially saturated. The porous member may be dis- 
posed relative to the non-absorbent member such that a 
network of capillary channels is formed where the two 
members are in contact and the adjacent surfaces of 
the two members are generally parallel. The distance 
separating the porous member and the textured surface 
of the non-absorbent member is such that the surface of 
the porous member adjacent to the textured surface of 
the second member completes the formation of a net- 
work of capillary channels between the two members. 
Indeed, in assay protocols in which additional fluids are 
introduced, the porous and nonabsorbent members 
may not have to be brought into intimate contact at all, 
provided that the volume of fluid used is sufficient to 
substantially fill the void volume of the porous member 
and provided that the porous and non-absorbent mem- 
bers are disposed a distance relative to one another so 
that the channels of the non-absorbent member are still 
able to fulfill the function of a fluid receiving zone as 
intended. Preferred as distances separating the porous 
member and the textured surface of the non-absorbent 
member are distances less than 0.5cm (0.2 inch). Par- 
ticularly preferred as separation distances between the 
two members forming the network of capillary channels 
are distances of less than 0.254cm (0.1 inch). 
[0032] In a preferred embodiment of the non-absorb- 
ent member, the textured surface is comprised of sets of 
channels forming regular geometric patterns; the chan- 
nels being generally aligned along a single axis and 
adjoining channels being generally parallel (Fig. 3). 
Within the preferred embodiment of the textured sur- 
face, fluids are generally caused to flow along the chan- 
nels similar to the description of such flow as described 
in U.S. Patent No. 4,233,029. In a particularly preferred 
embodiment of the second member, the textured sur- 
face is comprised of a regular geometric pattern in 
which two sets of channels are juxtaposed at an angle 
upon the surface of the member, each set of channels 
being generally aligned along its respective single axis, 
with adjoining channels along a single axis being gener- 
ally parallel. A preferred angle for the juxtaposition is 
such that the two sets of channels are not collinear. Par- 
ticularly preferred as an angle for the juxtaposition of the 
two sets of channels is an angle substantially equal to a 
right angle (i.e., 90°). In a preferred embodiment of a 
textured surface in which the channels are juxtaposed 



at a right angle, the channels are of generally the same 
width so that the geometric pattern created by the two 
sets of channels is that of a pattern of squares (Fig. 4). 
In a particularly preferred embodiment of a textured sur- 

5 face in which the two sets of channels are at right 
angles to one another, the channels are of generally dis- 
similar widths such that the two sets of channels form a 
pattern that is a pattern of rectangles (Fig. 5). The pref- 
erential direction of flow in the anisotropic rectangular 

10 array is generally first along the axis parallel to the axis 
defined by the wider channels and secondarily along 
the axis parallel to the axis defined by the narrower 
channels. Our research shows that the fluid flow pat- 
terns for single plates comprised of two sets of channels 

is juxtaposed at right angles to one another are similar to 
the fluid flow patterns described for systems composed 
of two generally parallel plates each of which is com- 
prised of a single set of channels and with such plates 
opposed a distance apart so as to thereby construct a 

20 two-dimensional arrangement of channels. The flow 
patterns of such two-dimensional arrangements of 
channels are described in the aforementioned U.S. Pat- 
ent No. 4,233,029. 

[0033] The third element of the inventive device is 

25 comprised of a non-absorbent optional member. The 
nonabsorbent optional member is placed over the upper 
surface of the porous member. The non-absorbent 
optional member may have openings through which flu- 
ids are added to the porous member. The openings in 

30 the optional member serve to partition the upper sur- 
face of the porous member into zones onto which fluids 
may be selectively introduced as appropriate to the spe- 
cific assay protocol. The first fluid opening is used to 
introduce sample onto the porous member. If appropri- 

35 ate to the assay protocol, such as in a flow-through type 
assay, subsequent fluid additions such as a free/bound 
label separation fluid, may be added through the first 
fluid opening. A second fluid opening may be included 
in the optional member if required by the assay protocol, 

40 such as in an immunochromatographic assay, to permit 
the introduction of additional fluids, such as fluids con- 
taining elements of the signal development system, 
onto portions of the porous member separate from the 
location at which sample is introduced. The nonabsorb- 

45 errt optional member may optionally include a textured 
surface similar in nature to that of the textured surface 
non-absorbent member. The third element in combina- 
tion with the non-absorbent member also may form a 
chamber containing the porous member. In cases 

so where the sample is a gas, the gas may be injected into 
the chamber containing the porous member such that 
the sample is passed over and through the porous 
member and out of the chamber. 
[0034] The network of capillary channels formed by 

55 the contact of the porous member and the textured sur- 
face of the textured surface non-absorbent member 
serves as the primary fluid reservoir of the inventive 
device. Additional fluid reservoir capacity can be pro- 
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vided by space within the inventive device enclosed by 
the combination of the textured surface non-absorbent 
member and the non-absorbent optional member. In a 
preferred embodiment of the inventive device the addi- 
tional fluid reservoir capacity is provided by the space 
enclosed by the textured surface non-absorbent mem- 
ber and the non-absorbent optional member and where 
within such an enclosed space there is no porous mem- 
ber intervening between the two nonabsorbent mem- 
bers. 

[0035] In a preferred embodiment of the inventive 
device, the device comprises in part a porous member 
and a textured surface non-absorbent member (Fig. 6 
and 7). In a particularly preferred embodiment of the 
inventive device, the device comprises in part a porous 
member, a textured surface non-absorbent member and 
a non-absorbent optional member with a first fluid open- 
ing over the medial portion of the porous member. Sam- 
ple is introduced onto the portion of the porous member 
exposed by the first fluid opening in the non-absorbent 
optional member. Once introduced, the sample is 
allowed to spread or wick over and into the porous 
member and is thereby induced to interact with ligand 
receptor which is non-diffusively immobilized upon the 
porous member. The non-absorbent member of the 
inventive device includes a textured surface comprising 
sets of channels. The sets of channels form a network 
of capillary channels when the non-absorbent member 
is brought into contact with the porous member. Such 
contact may be initiated before or subsequent to the ini- 
tial sample introduction step. The network of capillary 
channels formed by the contact of the porous member 
with the non-absorbent member provides a fluid receiv- 
ing zone into which fluid may be transferred from the 
porous member. The network of capillary channels 
formed between the porous member and the non- 
absorbent member is capable of initiating fluid transfer 
between the porous member and the non-absorbent 
member without the need for application of additional 
external means to induce fluid transfer such as pressure 
or vacuum. 

[0036] In a further particularly preferred embodiment, 
the device of the present invention comprises in part a 
textured surface non-absorbent member, a porous 
member, and a non-absorbent optional member with a 
first fluid opening and an additional fluid opening. The 
first fluid opening is located at an extremity of the 
porous member. The additional fluid opening is located 
above the medial portion of the porous member. Sam- 
ple is added to the device through the first fluid opening 
and is allowed to spread or wick over and into the 
porous member and is thereby induced to interact with 
ligand receptor which is non-diffusively immobilized 
upon the porous member. Additional fluid as required by 
the assay protocol is added to the device via the addi- 
tional fluid opening and then spreads over and into the 
porous member and thereby completing the assay. 
[0037] In a further preferred embodiment, the device 



of the present invention comprises in part a textured 
surface non-absorbent member and a porous member 
which, while in contact with the textured surface of the 
non-absorbent member includes an extremity of the 

5 porous member which extends beyond the perimeter of 
the textured surface of the non-absorbent member. In a 
further particularly preferred embodiment, the device of 
the present invention comprises in part a textured sur- 
face non-absorbent member, a non-absorbent optional 

w member with a first fluid opening and an additional fluid 
opening, and a porous member which, while in contact 
with the textured surface of the non-absorbent member 
includes an extremity of the porous member which 
extends beyond the perimeter of the textured surface of 

is the non-absorbent member (Fig. 8 and 9). The first fluid 
opening is located above the extremity of the porous 
member which protrudes beyond the perimeter of the 
textured surface of the non-absorbent member. The 
portion of the porous member which protrudes beyond 

20 the perimeter of the textured surface of the non-absorb- 
ent member does not participate in the formation of a 
network of capillary channels such as is the result of the 
contact of the porous member and textured surface 
non-absorbent members. The first fluid opening is con- 

25 structed so as to constrain the sample added through 
the first fluid opening to traverse the porous member 
and to remain substantially within the confines of the 
porous member so long as the combined volumes of 
sample plus additional fluid added do not substantially 

30 exceed the void volume of the porous member. In a par- 
ticularly preferred embodiment of the device the lower 
surface of the porous member which protrudes beyond 
the textured surface is sealed so that fluid is unable to 
pass through that surface. By such constraints upon 

35 fluid flow in the porous member, sample added to the 
first fluid opening is induced to travel within the porous 
member in a sequential manner, initiating at the porous 
member below the first fluid opening and progressing to 
a region of the porous member distal to the first fluid 

40 opening. The additional fluid opening is located above 
the medial portion of the porous member and permits 
additional fluid to be added to the device as required by 
the assay protocol. Additional fluid introduced through 
the additional fluid opening is allowed to spread over the 

45 porous member such that flow of such fluids added to 
the device through the additional fluid opening is not 
constrained to flow solely within the porous member but 
may include fluid flow along the outer surface of the 
porous member. In a further particularly preferred 

so embodiment of the device, the total fluid receiving 
capacity of the device is increased by the volume asso- 
ciated with the space enclosed by the nonabsorbent 
member and the optional member in which the porous 
member does not intrude. 

55 [0038] In a further embodiment, the device of the 
present invention comprises in part a porous member 
and a textured surface non-absorbent member with a 
portion of the textured surface which extends beyond 
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the perimeter of the porous member. In a preferred 
embodiment, the device comprises in part a porous 
member, a textured surface nonabsorbent member with 
an extremity of the textured surface which extends 
beyond the perimeter of the porous member and an 5 
optional member with a first fluid introduction opening 
located over the portion of the textured surface of the 
non-absorbent member which extends beyond the 
perimeter of the porous member. Sample is added to 
the device through the first fluid opening in the optional 70 
member and is allowed to spread over and along the 
textured surface underlying the first fluid opening. The 
extremity of the textured surface of the non-absorbent 
member is not overlaid by the porous member so that 
when the porous member and textured surface of the 75 
nonabsorbent members are brought into contact 
thereby forming a network of capillary channels in the 
region in which the two members overlap, the extremity 
of the textured surface does not become part of such a 
network. The sample added traverses the extremity of 20 
the textured surface of the non-absorbent member orig- 
inating at the first fluid opening and progressing to the 
region of the network of capillary channels where the 
non-absorbent member is contiguous with the porous 
first member. Initiating at the juncture where the tex- 25 
tured surface of the nonabsorbent member conjointly 
forms a network of capillary channels due to contact 
with the porous member, sample flow either along the 
network of capillary channels or through the porous 
member is affected by the relative strengths of the fluid 30 
retentive forces exerted upon by the sample by the net- 
work of capillary channels and by the porous member. 
With an aqueous sample for example, if the porous 
member is relatively more fluid retentive than is the net- 
work of capillary channels then sample will prefer to flow 35 
within the porous member; conversely, if the porous 
member is relatively less fluid retentive than the network 
of capillary channels sample flow will occur primarily 
within the network of capillary channels. Given that the 
fluid retentive forces favor the retention of sample within 40 
the porous member, subsequent to sample flow within 
the network of capillary channels, sample initially con- 
tained within the network of capillary channels is spon- 
taneously transferred from the network of capillary 
channels to the porous member. The volume of such 45 
sample transfer from the network of capillary channels 
to the porous member is limited by the void volume of 
the porous member. 

[0039] In a further preferred embodiment the device 
comprises in part a porous member, a textured surface so 
non-absorbent member with an extremity of the textured 
surface which extends beyond the perimeter of the 
porous member and an optional member with a first 
fluid introduction opening located over the portion of the 
textured surface of the non-absorbent member which 55 
extends beyond the perimeter of the porous member, 
and an additional fluid opening located over the medial 
portion of the porous member (Fig. 1 0 and 1 1 ). Sample 
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is introduced to the device through the first fluid opening 
onto the portion of the textured surface which extends 
beyond the limits of the porous member. Sample then 
travels along the channels of the textured surface until 
reaching the portion of the textured surface which due 
to contact between the textured surface and the porous 
member forms the network of capillary channels. Sam- 
ple then flows within the network of capillary channels 
or within the porous member according to the relative 
strengths of the fluid retentive forces of the respective 
device components and given that the fluid retentive 
forces favor transfer of sample to the porous member, 
sample initially contained within the network of capillary 
channels is spontaneously transferred from the network 
of capillary channels to the porous member. Additional 
fluid, if required by the assay protocol, is introduced to 
the device through the additional fluid opening and 
when the total volume of fluid added to the device sub- 
stantially exceeds the void volume of the porous mem- 
ber, fluid transfer is spontaneously initiated such that 
the fluid in excess of the void volume of the porous 
member is transferred to the network of capillary chan- 
nels. In a further particularly preferred embodiment of 
the device, the total fluid receiving capacity of the device 
is increased over that of the network of capillary chan- 
nels by the volume associated with the space enclosed 
by the non-absorbent member and the optional member 
in which the porous member does not intrude. 
[0040] In the method of the present invention the sam- 
ple is the first fluid added to the inventive device. 
Depending on the construction of the assay method, the 
sample is comprised in part of some or all of the follow- 
ing, ligand receptor, binding agent, specimen-derived 
target ligand, labeled ligand analogue conjugate, 
labeled ligand receptor conjugate, free/bound label sep- 
aration reagents and/or elements of the signal develop- 
ment system. Additional fluids added to the device may 
contain the remaining reagents necessary to complete 
the assay procedure. Additional fluid reagents depend- 
ing on the protocol of the assay method may include but 
are not limited to ligand receptor, specimen-derived tar- 
get ligand, labeled ligand analogue conjugate, labeled 
ligand receptor conjugate, ligand receptor, binding 
agent, free/bound separation reagents and/or elements 
of the signal development system. Depending on the 
structure of the assay protocol several additional fluid 
reagents may be needed to complete the assay proce- 
dure with the composition of successive additional fluid 
reagents varied as appropriate to the assay protocol. 
For example in a competitive ligand-receptor assay the 
sample is comprised in part of specimen-derived target 
ligand and labeled ligand analogue conjugate. Alterna- 
tively, in a displacement competitive ligand receptor 
assay in which the porous member contains immobi- 
lized ligand receptor already complexed with ligand 
analogue conjugate, the sample is comprised in part of 
specimen-derived target ligand; whereas in a sequential 
displacement competitive ligand-receptor assay the 
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sample may be comprised in part of ligand analogue 
conjugate and specimen-derived target ligand may be 
added to the device not as sample but as an additional 
fluid. 

[0041 ] In a sequential non-competitive assay method s 
for example, the sample is comprised in part of speci- 
men-derived target ligand. Additional fluid may be com- 
prised in part of labeled ligand receptor conjugate. 
Further additional fluids may be either separately or in 
combination comprised in part of free/bound label sep- 10 
aration reagents and elements of the signal develop- 
ment system. If the assay is a simultaneous non- 
competitive method, then the sample may be comprised 
in part of specimen-derived target ligand and labeled 
ligand receptor conjugate. Alternatively the sample may 75 
be a combination of specimen-derived target ligand, 
first ligand receptor, and labeled second ligand receptor 
conjugate. A binding agent may be included to promote 
immobilization of target ligand or first ligand receptor 
and their complexes on the porous member. Here too, 20 
further additional fluids required by the assay method 
may be comprised of for example free/bound label sep- 
aration reagents and/or elements of the signal develop- 
ment system. 

[0042] In a further preferred embodiment of the inven- 25 
tive device, a competitive ligand-receptor method of the 
present invention comprises adding sample to the 
porous member through a first fluid opening located 
over the medial portion of the porous member. The 
sample containing specimen-derived target ligand and 30 
labeled ligand analogue is allowed to spread over and 
into the exposed surface of the porous member and is 
thereby induced to interact with the ligand receptor non- 
diffusively immobilized upon the porous member. In a 
preferred embodiment of the inventive device, the ligand 35 
receptor is immobilized substantially uniformly in a sin- 
gle zone encompassing the entirety of the porous mem- 
ber. In a particularly preferred embodiment, the ligand 
receptor is immobilized in at least one discrete zone 
upon the porous member. In a further particularly pre- 40 
ferred embodiment, a multiplicity of ligand receptors are 
immobilized in a multiplicity of discrete zones each zone 
containing at least one ligand receptor. In a further par- 
ticularly preferred embodiment the multiplicity of the dis- 
crete zones of ligand receptors is at least as great as 45 
the multiplicity of discrete ligands to be determined. A 
competition is permitted to occur between target ligand 
and labeled ligand analogue conjugate for the limited 
binding sites of the immobilized ligand receptor. When 
the total volume of fluid added to the device is at least so 
sufficient to substantially fill the void volume of the 
porous member the fluid in excess of that amount is 
spontaneously transferred between the porous member 
and the network of capillary channels created by the 
contact of the porous member with the textured surface 55 
of the non-absorbent member. The transfer of fluid 
between the porous and non-absorbent members facili- 
tates the separation of the labeled ligand analogue con- 



jugate which has complexed with the ligand receptor 
immobilized on the porous member from the labeled lig- 
and analogue conjugate which did not complex with the 
ligand receptor immobilized on the porous member. The 
results of the assay are then judged by the determina- 
tion of the presence or absence of labeled ligand ana- 
logue conjugate within an immobilized ligand receptor 
zone. When a multiplicity of such discrete ligand recep- 
tor zones are present, one can use the devices to simul- 
taneously detect or quantify more than one target ligand 
of interest. In a further preferred embodiment, if 
required by the assay protocol, additional fluid which 
may be comprised in part of either or both of free/bound 
separation solution or elements of the signal develop- 
ment system is added to the device through a fluid 
opening. 

[0043] In another preferred embodiment of the inven- 
tive device, the assay method of the present invention 
may be accomplished as a sequential displacement 
competitive ligand-receptor protocol. A sample com- 
prised in part of a labeled ligand analogue conjugate is 
added through the first fluid opening and allowed to 
interact with the ligand receptor immobilized upon the 
porous member. An additional fluid comprised in part of 
specimen-derived target ligand is added to the device 
through an additional fluid opening and allowed to dis- 
place labeled ligand analogue conjugate which has 
complexed to the ligand receptor immobilized upon the 
porous member. When the total volume of fluid added to 
the device is at least sufficient to substantially fill the 
void volume of the porous member the fluid in excess of 
that amount is spontaneously transferred between the 
porous member and the network of capillary channels 
created by the contact of the porous member with the 
textured surface of the non-absorbent member. The 
assay results are then determined by judging the 
amount of labeled ligand analogue conjugate within a 
ligand receptor zone which has not been displaced by 
specimen-derived target ligand. When a multiplicity of 
such discrete ligand receptor zones are present, it is 
possible to detect or quantify one or more target lig- 
ands. 

[0044] In a further embodiment of the present inven- 
tion, an immun ©chromatographic method of the present 
invention comprises adding a sample to the inventive 
device via the first fluid opening where such opening is 
located above an extremity of the porous member. The 
extremity of the porous member is located such that it 
extends beyond the perimeter of the textured surface of 
the non-absorbent member of the inventive device. The 
sample is comprised in part of specimen-derived target 
ligand and labeled ligand analogue conjugate which 
undergo a competition for the limited number of binding 
sites associated with ligand receptor immobilized on the 
porous member. In a particularly preferred embodiment 
of the method, the lower surface of the porous member 
which extends beyond the textured surface is sealed so 
that sample is unable to pass through that surface. The 
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sample traverses the porous member confined substan- 
tially within the porous structure, originating at a zone 
proximal to the point of initial sample introduction and 
progressing to a region of the porous member distal to 
the point of sample introduction. Labeled ligand ana- 5 
logue conjugate and specimen derived ligand within the 
sample compete for ligand receptor non-diffusively 
immobilized upon the porous member during traversal 
of the porous member. In a preferred embodiment of the 
invention, the ligand receptor is immobilized substan- 10 
tially uniformly throughout the entirety of the first mem- 
ber. In a particularly preferred embodiment, the ligand 
receptor is immobilized uniformly within one or more 
discrete zones along the path of sample traversal. In a 
further particularly preferred embodiment a multiplicity 75 
of ligand receptors are immobilized in a multiplicity of 
discrete zones each zone containing at least one ligand 
receptor. In a further particularly preferred embodiment, 
the multiplicity of the discrete zones of ligand receptors 
is at least as great as the multiplicity of discrete ligands 20 
to be determined. Consequent to traversal of the porous 
member by the sample, a volume of free/bound label 
separation solution is added to the medial portion of the 
porous member via an additional fluid opening to effect 
the separation of unbound labeled ligand analogue con- 2 s 
jugate from labeled ligand analogue conjugate bound to 
the ligand receptor immobilized on the porous member. 
The portion of the porous member beneath the addi- 
tional fluid opening is also in contact with the textured 
surface of the non-absorbent member and thereby 30 
forms a network of capillary channels. When a sufficient 
volume of fluid has been introduced into the device, 
transfer of fluid is spontaneously initiated between the 
porous member and the network of capillary channels. 
In a preferred embodiment of the inventive device in 35 
which the ligand receptor is uniformly immobilized 
throughout the entirety of the porous member the 
results of the assay are judged by a determination of the 
presence or absence of labeled ligand analogue conju- 
gate which has become immobilized by binding to lig- 40 
and receptor immobilized on the porous member. In a 
further preferred embodiment in which the ligand recep- 
tor is bound uniformly throughout the entirety of the 
porous member, the amount of ligand present in the 
specimen is related to the length of the porous mem- 45 
brane complexed with labeled ligand analogue conju- 
gate. In a particularly preferred embodiment of the 
inventive device in which the ligand receptor is immobi- 
lized within a multiplicity of discrete zones, the amount 
of ligand within the specimen is related to the number of 50 
discrete zones within which labeled ligand analogue 
conjugate is detected, such zones lying along the path 
traversed by the fluid sample. The amount of ligand con- 
tained within the sample can therefore be related either 
to the total linear distance complexed with labeled lig- 55 
and analogue conjugate along a chord connecting the 
regions proximal to the sample introduction with the 
region distal to this position when ligand receptor is 
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immobilized substantially uniformly throughout the 
porous member or may be related to the number of dis- 
crete zones within which labeled ligand analogue com- 
plexed with ligand receptor is detected, when ligand 
receptor is immobilized in a number of such discrete lig- 
and receptor zones. In an embodiment in which a multi- 
plicity of ligand receptors are immobilized within a 
multiplicity of discrete receptor zones, a multiplicity of 
target ligands may be detected by determination of the 
presence or absence of signal within particular ligand 
specific receptor zones. 

[0045] In a further embodiment of the present inven- 
tion, a competitive ligand-receptor method of the 
present invention comprises adding a sample to the 
porous member of the device through the first fluid 
opening, where such a sample is comprised in part of 
ligand receptor, specimen-derived target ligand and 
labeled ligand analogue conjugate. Prior to addition of 
the sample to the device the specimen-derived target 
ligand and labeled ligand analogue conjugate have 
competed for a limited number of binding sites on the 
ligand receptor contained within the sample. The sam- 
ple which is added to the device spreads or wicks over 
and through the porous member. Target ligand and 
labeled ligand analogue conjugate which have not 
bound to the ligand receptor within the sample are able 
to bind with ligand receptor immobilized upon the 
porous member. In a preferred embodiment of the 
invention the ligand receptor is immobilized substan- 
tially uniformly throughout the entirety of the porous 
member. In a particularly preferred embodiment, the lig- 
and receptor is immobilized uniformly within one or 
more discrete zones upon the porous member. In a fur- 
ther particularly preferred embodiment, a multiplicity of 
ligand receptors are immobilized in a multiplicity of dis- 
crete zones each zone containing at least one ligand 
receptor. In a further particularly preferred embodiment, 
the multiplicity of the discrete zones of ligand receptors 
is at least as great as the multiplicity of discrete zones to 
be determined. Consequent to incubation of the porous 
member with the sample, a volume of free/bound label 
separation solution is added to the porous member via 
a fluid opening to effect the separation of labeled ligand 
analogue conjugate which has bound to ligand receptor 
immobilized upon the porous member from labeled lig- 
and analogue conjugate which has not bound to ligand 
receptor immobilized on the porous member. Transfer of 
fluid from the porous member to the network of capillary 
channels is initiated when the total volume of fluid 
added to the porous member substantially fills the void 
volume of the porous member. In a preferred embodi- 
ment of the inventive device in which the ligand receptor 
is uniformly immobilized throughout the entirety of the 
porous member, the assay results are then determined 
by inspection of the porous member for the presence or 
absence of labeled ligand analogue conjugate which 
has become complexed with immobilized ligand recep- 
tor upon the porous member. In a particularly preferred 
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embodiment of the inventive device in which a multiplic- 
ity of ligand receptors are immobilized within a multiplic- 
ity of discrete zones, a determination is made of which 
discrete zones have immobilized labeled ligand ana- 
logue. 5 
[0046] In a further preferred embodiment, a non-com- 
petitive method of the present invention comprises add- 
ing a sample to the porous member of the device 
through the first fluid opening where such a sample is 
comprised in part of specimen-derived target ligand. w 
The sample is allowed to spread over and into the 
porous member exposed by the first fluid opening and 
then into the porous member. Target ligand contained in 
the sample binds to first ligand receptor immobilized 
upon the porous member. In a preferred embodiment 15 
the first ligand receptor is immobilized substantially uni- 
formly throughout the entirety of the porous member. In 
a particularly preferred embodiment, the first ligand 
receptor is immobilized in at least one discrete zone 
upon the first member. In a further particularly preferred 20 
embodiment a multiplicity of first ligand receptors are 
immobilized in a multiplicity of discrete zones each zone 
containing at least one ligand receptor. In a further par- 
ticularly preferred embodiment, the multiplicity of the 
discrete zones is at least as great as the multiplicity of 25 
target ligands to be determined. After allowing the tar- 
get ligand to bind to the immobilized first ligand recep- 
tor, additional fluid containing labeled second receptor 
conjugate is added to the device through the additional 
fluid opening. The labeled second receptor conjugate 30 
binds to target ligand which has become immobilized 
upon the porous member by complexation with immobi- 
lized first ligand receptor. Labeled second receptor con- 
jugate which has not bound to target ligand immobilized 
on the porous member is removed by adding free/bound 35 
label separation solution to the device through the addi- 
tional fluid opening. Fluid transfer occurs between the 
porous member and the network of capillary channels 
formed by the contact of the porous member with the 
textured surface of the non-absorbent member and 40 
serves to separate porous member bound second 
receptor conjugate from unbound second receptor con- 
jugate. If necessary, additional fluid containing elements 
of the signal development system is added to the device 
to enable the detection of signal from the label of the 45 
bound labeled second receptor conjugate. 
[0047] In a further preferred a non-competitive method 
of the inventive device in which sample comprises in 
part target ligand that may be derived from cellular 
material or maybe adsorbed to particulate binding so 
agents, ligand detection is accomplished by physical 
entrapment of particulates (e.g. latex particles), by the 
porous member. The method comprises adding a sam- 
ple to the porous member of the device through a first 
fluid opening. The sample is allowed to spread over the 55 
surface of the porous member exposed by the first fluid 
opening and then into the porous member. Target ana- 
lyte contained within the sample is physically retained 



by entrapment upon the surface and within the pores of 
the porous member. Following the physical immobiliza- 
tion of target ligand upon the porous member, additional 
fluid containing labeled receptor conjugate is added to 
the device through the additional fluid opening. The 
labeled receptor conjugate binds to target ligands cap- 
tured by the porous member. Labeled receptor conju- 
gate which has not bound to target ligand immobilized 
on the porous member is removed by adding free/bound 
label separation solution to the device through the addi- 
tional fluid opening. Fluid transfer between the porous 
member and the network of capillary channels formed 
by the contact of the porous member and the textured 
surface of the non-absorbent member serves to sepa- 
rate bound labeled receptor conjugate from unbound 
receptor conjugate. If necessary, an additional fluid con- 
taining elements of the signal development system is 
added to the device to enable detection of the signal 
from the label of the porous member immobilized 
labeled receptor conjugate. 

[0048] The invention has been described in detail with 
particular reference to the above embodiments. It will be 
understood, however, that variations and modifications 
can be effected within the spirit and scope of the inven- 
tion. 

Example 1 

Preparation of Estrone-3-Glucuron-(2-Amino-A-Thiolb- 
utanoic Acid Thiolactone]-Amide [E3G-HCTL] 

[0049] 77 mg (1 .7 x 10' 4 mol) of estrone-3-glucuronide 
(E3G), 29 mg (1.9 x 10" 4 mol) of homocysteine thiolac- 
tone hydro-chloride, and 0.015 ml (1.9 x 10" 4 mol) of 
pyridine were dissolved in 0.47 mL of dimethylforma- 
mide. This mixture was added to a solution containing 
30 mg (1.9 x 10" 4 mol) dicyclohexylcarbodiimide in 0.23 
mL of dimethylfbrmamide. The flask was purged with 
argon, sealed and stirred at 25°C for three hours. The 
insoluble precipitate was filtered and the solvent 
removed in vacuo. The residue was resuspended in 0.4 
mL of an ethanol/water (15:12 v/v) solution and the 
insoluble precipitates removed by filtration. 
[0050] The crude reaction mixture was then dissolved 
in 0.5 mL of an ethanol/water (15:12 v/v) solution and 
applied to a C18 HPLC column (1 cm x 25 cm) equili- 
brated with a 1 :9 mixture methanol/water using a flow 
rate of 2.0 mL/min. The compound was eluted with a 
gradient ramping from a 1 :9 mixture of methanol/water 
to a 1 :1 mixture of methanol/ water in eight minutes, and 
was then ramped to a solution of 100% methanol in an 
additional 20 minutes. E3G-HCTL eluted between 25 
and 27 minutes. The fractions containing product were 
combined and the solvents were removed in vacuo . 63 
mg of E3G-HCTL were recovered. 
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Preparation of Morphine-Bovine Serum Albumin Conju- 
gate 

[0051] Seventy-five of a solution containing 20 mg 
of SMCC (Pierce) in 1 mL of acetonitrile was added to s 
1.9 ml of 20 mg/mL bovine serum albumin in 0.1 M 
potassium borate, 0.1 M potassium phosphate, 0.15 M 
sodium chloride, pH 7.5. The solution was stirred for 
one hour at 25°C, then the protein was separated from 
the unreacted reagent by gel filtration chromatography w 
on a column containing GH 25 (Amicon Corporation) 
equilibrated in 0.1 M potassium phosphate, 0.02 M 
potassium borate, 0.15 M sodium chloride, pH 7.0. The 
protein fraction was collected. A volume of 1 .05 mL of 
0.12 M potassium hydroxide, 0.6 mM EDTA in 30% eth- 15 
anol was added to 100 nL of 210 mM E3G-HCTL in 
methanol. After five minutes, 1.1 mL of the solution was 
added to 9.2 mL of the bovine serum albumin deriva- 
tized with SMCC (6.5 mg/mL). The solution was stirred 
for two hours at 25°C, then dialyzed against two 20 
changes of one liter of 10 mM (2-(N-morpholino)) 
ethane sulfonic acid, pH 5.0. 

Preparation of E3Q-QptlQip!al Qgld Conjugate 

25 

[0052] Colloidal gold with an average diameter of 45 
nm was prepared according to the method of Frens, 
Nature. Physical Sciences. ££L 20 (1973). E3G-colloi- 
dal gold conjugate was prepared by adding 5.6 mL of 
0.1 M (2-(N-morphoIino) ethane sulfonic acid (MES), pH 30 
5.8, dropwise to 50 ml of colloidal gold with rapid stir- 
ring. E3G-BSA conjugate (3 mg/mL in 10 mM MES, 
0.02% sodium azide, pH 5.8) was added in a bolus to 
the colloidal gold while stirring rapidly. After complete 
mixing the stirring was stopped and the solution incu- 35 
bated for 30 minutes at room temperature. The addition 
of 1 mL of BSA (3 mg/mL in 10 mM MES, 0.02% sodium 
azide, pH 5.8) with mixing and a five-minute incubation 
followed. Polyethylene glycol (average molecular weight 
= 20,000) was added in a 1% solution (0.59 mL) and 40 
mixed. The colloidal gold was subjected to centrifuga- 
tion at 27,000 g for 12 minutes at 4°C to pellet it. The 
supernatant was removed and the pellet was washed 
twice with 35 mL of 10 mM potassium phosphate, 
0.01% polyethylene glycol, 0.02% sodium azide, pH 45 
7.0, by resuspending it and subjecting it to centrifuga- 
tion as described. After the final centrifugation, the pel- 
let was resuspended in 0.5 mL of the buffer and stored 
at 4°C. 

50 

Construction of Device and Demonstration of 
Free/Pound Conjugate Separation 

[0053] A nylon membrane (Pall Immunodyne 0.65 jim) 
was laminated to the underside of an 0.020 inch styrene 55 
sheet with a small 0.10" X 1.1" rectangular first fluid 
opening die-cut into the center. A monoclonal antibody 
against E3G was covaleritly bound to the activated 



nylon membrane as a series of three 0.6 spots 
equally spaced within the first fluid opening using the 
following protein coupling procedure; 1 M P0 4 , 100 
mg/mL tetrazole, 50 mM borate, 150 mM NaCI, 1.5 
mg/mL antibody, pH 7.4. The membrane was blocked 
with a solution of 1% w/v casein, and dried overnight in 
a desiccator. After drying, the laminate assembly was 
placed on an injection molded part of a styrene copoly- 
mer, which included a series of longitudinal 90° degree 
V-shaped channels that were 0.014 inches wide and 
0.007 inches deep. The laminate was then ultrasonically 
spot welded to the injection molded part. 
[0054] A 60 nL sample of E3G colloidal gold conjugate 
which was not bound to anti-E3G antibody was added 
to the membrane exposed in the center of the first fluid 
opening and allowed to absorb into the membrane. A 60 
jiL aliquot of E3G colloidal gold conjugate which had 
been 1 00% bound with anti-E3G antibody was added to 
the center of the first fluid opening in another device. In 
both devices, after the conjugate has been absorbed, 
100 nL of an aqueous wash solution containing 0.05% 
Lubrol as a surfactant was added to the membrane 
exposed in the center of the first fluid opening and 
allowed to flow through the membrane. Immediately 
after the washing step, the membrane of the first device, 
to which had been applied E3G colloidal gold conjugate 
unbound by anti-E3G antibody, formed a series of three 
distinct red spots with remainder of the membrane 
returning to white. In the case of the membrane of the 
second device, which had utilized 1 00% bound E3G col- 
loidal gold conjugate, the entire membrane returned to 
white. This demonstrated that a ligand analogue conju- 
gate was bound specifically by immobilized ligand 
receptor in a porous member and that the network of 
capillary channels formed between the porous member 
and the textured surface non-absorbent member func- 
tioned to efficiently wash away any unbound reagents 
from the porous member. 

Example 2 

Preparation of Morphine-Alkaline Phosphatase Conju- 
gate 

[0055] Three mg (6.9 x 10" 6 mo!) of sulfo-SMCC 
(Pierce) was added to 2.2 mL of 4.9 mg/mL alkaline 
phosphatase in 0.1 M potassium phosphate, 0.02 M 
potassium borate, 0.15 M sodium chloride, pH 7.5. The 
protein solution was stirred for one hour at 25°C, then 
protein was separated from unreacted sulfo-SMCC by 
gel filtration chromatography on a column containing 40 
mL of GH 25 (Amicon Corporation) equilibrated in 0.1 M 
potassium phosphate, 0.02 M potassium borate, 0.15 M 
sodium chloride, pH 7.0. The protein fraction eluting 
from the column was collected. E3G-HCTL was hydro- 
lyzed by adding 20 j±L of 0.12 M potassium carbonate, 
0.6 mM EDTA in 40% methanol to 13 \iL of 48.5 mM 
E3G-HCTL in methanol. The solution stood at 25°C for 
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ten minutes, then 30 nL of the solution was added to 
250 jxL of the alkaline phosphatase derivatized with 
sulfo-SMCC (3.6 mg/mL) in 0.1 M potassium phos- 
phate, 0.02 M potassium borate, 0.15 M sodium chlo- 
ride, 0.4 mM magnesium chloride, pH 7.0. The solution 5 
was adjusted to pH 7.0 with 1 N HCI and then stirred for 
30 minutes at 25°C. The protein was separated from the 
unreacted reagents by gel filtration chromatography as 
described above. The protein fraction was collected and 
the conjugate was diluted for use in assays into a solu- 70 
tion containing 1% bovine serum albumin, 1 mM mag- 
nesium chloride, 0.1 mM zinc chloride, 0.1% sodium 
azide, and 10 mM 3-(4-morpholino) propane sulfonic 
acid, pH 7.0. 

75 

Construction of Device and Creation of Network of Cap- 
illary Channels Subsequent to Addition of Sample 

[0056] A nylon membrane (Pall Immunodyne 0.65 *im) 
was laminated to the underside of a 0.020 inch styrene 20 
sheet with a small 0.10" X 1.1" rectangular first fluid 
opening die-cut in the center. A monoclonal antibody 
against E3G was covalently bound to the activated 
nylon membrane as a series of three 0.6 uL spots 
equally spaced in the first fluid opening following the 25 
protein coupling procedure; 1 M P0 4 , 100 mg/mL tetra- 
zole, 50 mM borate, 150 mM NaCI, 1.5 mg/mL antibody, 
pH 7.4; and then blocked with a solution of 1% w/v 
casein, and dried overnight in a desiccator. After drying, 
the laminate assembly was positioned such that the 30 
underside of the membrane was suspended in air. A 60 
jiL aliquot of a conjugate of E3G and alkaline phos- 
phatase which was unbound by anti-E3G antibody was 
added to the membrane exposed in the center of the 
first fluid opening and allowed to be absorbed into the 35 
membrane. In another membrane laminate, 60 uL of an 
E3G-alkaline phosphatase conjugate which had been 
100% bound with anti-E3G antibody was added to the 
center of the first fluid opening. 

[0057] The laminates were then individually mounted 40 
on a photo-etched magnesium alloy plate. The plate 
contained a series of longitudinal 90° U-shaped chan- 
nels that were 0.014 inches wide and 0.007 inches 
deep. Perpendicular to the longitudinal channels were a 
series of 127° U-shaped channels that were 0.028 45 
inches wide and 0.007 inches deep. A 100 \iL aliquot of 
an aqueous wash solution containing 0.05% lubroi as a 
surfactant was then added to the membrane exposed in 
the center of the first fluid opening and allowed to flow 
through the membrane. This was then followed by an 50 
addition of 60 uL of solution containing 10 mM indoxyl 
phosphate, a substrate for alkaline phosphatase capa- 
ble of producing a visible color. After two minutes, the 
membrane of the first device, which had utilized an 
E3G-alkaline phosphatase conjugate which had been 55 
unbound by anti-E3G antibody, formed a pattern of 
three distinct blue spots; whereas the exposed mem- 
brane of the second membrane, which had utilized an 



E3G-alkaline phosphatase conjugate completely preb- 
ound to anti-E3G antibody, remained white. This dem- 
onstrated that the network of capillary channels 
resulting from the contact of the porous and textured 
surface non-absorbent members can be formed follow- 
ing the initial addition of the sample to the porous mem- 
ber. 

Example 3 

Preparation of 3-0-f2-(2-Amino-4-Thiolbutanoic Acid 
Thiolagt9ne)-Aggtamidg1-Mprphin$ HyfrQghloritte (Mgr- 
phine-HCTL) 

[0058] Homocysteine thiolactone hydrochloride (120 
mg, 7.8 x 10* 4 mol), 62 mg (7.8 x 10* 4 mol) pyridine, and 
296 mg (7.8 x 10" 4 mol) 3-O-carboxymethylmorphine 
hydrochloride were dissolved in 5 ml dimethylforma- 
mide. Addition of 1 ml of a dimethylformamide solution 
containing 177 mg (8.6 x 10" 4 mol) dicyclohexylcarbod- 
iimide followed. The flask was purged with argon and 
the solution stirred at 25°C for three hours. The solvent 
was evaporated under vacuum and 20 ml water was 
added to the residue. The solution was stirred for five 
minutes then the insoluble dicyclohexyl urea was fil- 
tered. The filtrate was washed with 10 ml methylene 
chloride. The pH of the aqueous layer was adjusted to 7 
with an aqueous solution of saturated potassium car- 
bonate. The aqueous solution was extracted six times 
with 10 ml methylene chloride. The combined organic 
extracts were dried with 2 g magnesium sulfate, filtered, 
and the solvent removed under vacuum. Ethanol (20 ml) 
was added to the residue and evaporated under vac- 
uum to remove the pyridine. Ethyl acetate (10 ml) was 
added and insoluble precipitates were filtered. Ethereal 
hydrochloric acid (1 M) was added to the solution while 
stirring until the pH was red to litmus. The white solid 
was filtered and washed with ethyl acetate. The product 
was dried under vacuum and the yield was 316 mg. 

Preparation o f Morphine- Bovine Serum Albumin Conju- 
gate 

[0059] Seventy-five uJ of a solution containing 20 mg 
of SMCC (Pierce) in 1 ml of acetonitrile was added to 
1.9 ml of 20 mg/ml bovine serum albumin in 0.1 M 
potassium borate, 0.1 M potassium phosphate, 0.15 M 
sodium chloride, pH 7.5. The solution was stirred for 
one hour at 25°C, then the protein was separated from 
the unreacted reagent by gel filtration chromatography 
on a column containing GH 25 (Amicon Corporation) 
equilibrated in 0.1 M potassium phosphate, 0.02 M 
potassium borate, 0.15 M sodium chloride, pH 7.0. The 
protein fraction was collected. A volume of 0.42 ml of 
0.12 M potassium carbonate, 0.6 mM EDTA in 40% 
methanol was added to 4 mg morphine-HCTL. After ten 
minutes, 140 \i\ of the solution was added to 8.2 ml of 
the bovine serum albumin derivatized with SMCC (4.6 
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mg/ml). The solution was stirred for two hours at 25°C, 
then dialyzed in two liters of 10 mM (2-(N-morpholino)) 
ethane sulfonic acid, pH 5.0. The dialysis buffer was 
changed twice before collecting the morphine-BSA con- 
jugate. 

Preparation o f Morphine-Colloidal Gold Conjugate 

[0060] Colloidal gold with an average diameter of 45 
nm was prepared according to the method of Frens, 
Nature, Physical Sciences, 241, 20 (1973). Morphine- 
colloidal gold conjugate was prepared by adding 5.6 ml 
of 0.1 M (2-(N-morpholino) ethane sulfonic acid (MES), 
pH 5.8, dropwise to 50 ml of colloidal gold with rapid stir- 
ring. Morphine-BSA conjugate (3 mg/ml in 10 mM MES, 
0.02% sodium azide, pH 5.8) was added in a bolus to 
the colloidal gold while stirring rapidly. After complete 
mixing the stirring was stopped and the solution incu- 
bated for 30 minutes at room temperature. The addition 
of 1 ml of BSA (3 mg/ml in 10 mM MES, 0.02% sodium 
azide, pH 5.8) with mixing and a five-minute incubation 
followed. Polyethylene glycol (average molecular weight 
= 20,000) was added in a 1% solution (0.59 ml) and 
mixed. The colloidal gold was subjected to centrifuga- 
tion at 27,000 g for 12 minutes at 4°C to pellet it. The 
supernatant was removed and the pellet was washed 
twice with 35 ml of 10 mM potassium phosphate, 0.01% 
polyethylene glycol, 0.02% sodium azide, pH 7.0, by 
resuspending it and subjecting it to centrifugation as 
described. After the final centrifugation, the pellet was 
resuspended in 0.5 ml of the buffer and stored at 4°C. 

Construction of Immunochromatopraphic Device and 
Demonstration of ImmunochromatoQraphic Effect 

[0061] A nylon membrane (Pall Biodyne C 5.0 jim) 
was laminated to the underside of a 0.020 inch styrene 
sheet which was die-cut with a small 0.10 inch X 1.10 
inch additional fluid opening and a 0.10 inch X 0.10 inch 
first fluid opening. A monoclonal antibody against mor- 
phine was immobilized on the membrane by adsorption 
from a solution containing 1% polyvinyl alcohol 2,000 
MW, 50 mM citrate, 1.17 mg/mL antibody, pH 3.0, and 
the membrane then blocked with a solution of 0.1% w/v 
casein and 1% polyvinyl alcohol 2,000 MW and then 
dried overnight in a desiccator. After drying, the lami- 
nate assembly was placed on an injection molded part 
of a styrene copolymer, which contained a series of lon- 
gitudinal 90° V-shaped channels that were 0.014 inches 
wide and 0.007 inches deep. The laminate was then 
ultrasonically spot welded to the injection molded part 
such that the membrane beneath the first fluid opening 
was not in contact with the textured surface of the non- 
absorbent infection molded part. 
[0062] 60 u.L aliquots of a series of Morphine-colloidal 
gold conjugates (relative concentrations of 2, 1 .3 and 1) 
were then added to the first fluid openings of each of 
three of the devices described above. After the conju- 



gate had migrated the entire length of the window, 100 
u.L of an aqueous wash solution containing 0.05% lubrol 
as a surfactant was added to the center of the additional 
fluid opening and allowed to flow through the mem- 

5 brane. Immediately after the completion of the washing 
step, a red region appeared on the membrane within the 
additional fluid opening. The length of the red region 
varied in proportion with the concentration of the mor- 
phine-colloidal gold conjugate. This demonstrated that 

w the labeled species in the sample can be introduced at 
one end of the porous member and be forced to react 
with immobilized ligand receptor along the porous mem- 
ber. 

15 Claims 

1. A device for performing a heterogeneous assay, 
comprising: 

20 (a) a porous member comprising a plurality of 

pores for physically entrapping at least one tar- 
get ligand in said porous member from a fluid 
sample, said porous member being adapted to 
receive a labelled reagent for detecting the 

25 presence or amount of said at least one target 

ligand; and 

(b) a non-absorbent member having a textured 
surface, said non-absorbent member being in 

30 fluid communication with said porous member, 

said non-absorbent member being directly in 
contact and forming a network of capillary 
channels with said porous member, wherein 
said fluid communication in said capillary chan- 

35 nels is from said porous member to said non- 

absorbent member. 

2. A device for performing a heterogeneous assay, 
comprising: 

40 

(a) a porous member comprising at least one 
binding agent immobilised in at least one zone, 
said binding agent capable of immobilising by 
specific binding at least one target ligand in 

45 said porous member from a fluid sample in said 

at least one zone, said porous member being 
adapted to receive a labelled reagent for 
detecting the presence or amount of said at 
least one target ligand; and 

50 

(b) a non-absorbent member having a textured 
surface, said non-absorbent member being in 
fluid communication with said porous member, 
said non-absorbent member being directly in 

55 contact and forming a network of capillary 

channels with said porous member, wherein 
said fluid communication in said capillary chan- 
nels is from said porous member to said non- 
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absorbent member. 

3. A device according to claim 2, wherein said binding 
agent is a ligand receptor. 

4. A device according to claim 3, wherein said ligand 
receptor is a monoclonal antibody. 

5. A device for performing a heterogeneous assay, 
comprising: 

(a) a porous member comprising at least one 
binding agent in form of a ligand receptor 
immobilised in at least one zone, said ligand 
receptor capable of immobilising by specific 
binding at least one ligand analogue conjugate 
or at least one target ligand in said porous 
member such that said at least one ligand ana- 
logue conjugate is immobilised in an amount 
related to the amount of said at least one target 
ligand in a fluid sample in said at least one 
zone, said porous member being adapted to 
receive said at least one ligand analogue con- 
jugate for detecting the presence or amount of 
said at least one target ligand; and 

(b) a non-absorbent member having a textured 
surface, said non-absorbent member being in 
fluid communication with said porous member, 
said non-absorbent member being directly in 
contact and forming a network of capillary 
channels with said porous member, wherein 
said fluid communication in said capillary chan- 
nels is from said porous member to said non- 
absorbent member. 

6. A device according to claim 5, wherein said ligand 
receptor is a monoclonal antibody. 

7. A device according to any one of claims 1 to 6, fur- 
ther comprising: 

a non-absorbent third member disposed sub- 
stantially above or around said porous mem- 
ber, with at least one opening to access said 
porous member, such that fluids applied to said 
opening wick over or into said porous member. 

8. A device according to any one of claims 1 to 7, 
wherein said porous member is a nylon membrane. 

9. A method of performing a non -competitive ligand 
receptor assay using the device of any one of 
claims 2 to 8 comprising the steps of: 

(a) applying a volume of said sample to said 
device; 



(b) adding a volume of a labelled second bind- 
ing agent capable of binding to the complex 
formed between said target ligand and said 
bound binding agent; and 

5 

(c) washing to remove excess unbound rea- 
gents. 

10. A method of performing a competitive ligand recep- 
10 tor assay using the device of any one of claims 3 to 

8, comprising the steps of: 

(a) applying a volume of said sample to said 
device, said sample comprising at least one 
75 said target ligand and at least one labelled lig- 

and analogue capable of competing with said 
target ligand for binding to said ligand receptor 
bound in said porous member; 

20 (b) allowing said labelled ligand analogue to 

bind said bound ligand receptor; and 

(c) washing to remove excess unbound rea- 
gents. 

25 

1 1 . A method of assaying for a target ligand comprising 
the steps of: 

(a) contacting a volume of a sample with a 
30 device, said device comprising (i) a porous 

member and a binding agent immobilised in 
said porous member, said binding agent for 
immobilising by specific binding said target lig- 
and in said porous member, and (ii) a non- 
35 absorbent member having a textured surface in 
fluid communication with said porous member, 
and said non-absorbent member being directly 
in contact and forming a network of capillary 
channels with said porous member so that 
40 when the sample, alone or in combination with 
other fluids, is added to said porous member, 
fluid is drawn through said porous member to 
said non-absorbent member; 

45 (b) contacting a volume of a labelled reagent 

with said device so that said labelled reagent 
specifically binds to immobilised target ligand; 
and 

so (c) relating the amount of said labelled reagent 

bound to said immobilised target ligand to the 
presence or amount of said ligand in said sam- 
ple. 

55 1 2. A method according to claim 1 2, wherein said bind- 
ing agent is a receptor for immobilising by specific 
binding said target ligand in said porous member. 
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35 

1 3. A method of assaying for a target ligand in a sample 
comprising the steps of: 

(a) contacting a volume of said sample with a 
first receptor and a second labelled ligand s 
receptor that both specifically bind said target 
ligand, to form a reaction mixture; 

(b) contacting a volume of said reaction mixture 
with a device, said device comprising (i) a 10 
porous member and a binding agent immobi- 
lised in said porous member, said binding 
agent for immobilising by specific binding said 
first receptor in said porous member, and (ii) a 
non-absorbent member having a textured sur- is 
face, said non-absorbent member being in fluid 
communication with said porous member, said 
non-absorbent member being directly in con- 
tact and forming a network of capillary chan- 
nels with said porous member so that when 20 
said reaction mixture alone or in combination 
with other fluids, is added to said porous mem- 
ber, fluid is drawn through said porous member 

to said non-absorbent member; and 

25 

(c) relating the amount of said second labelled 
ligand receptor bound to said binding agent to 
the presence or amount of said target ligand in 
said sample. 

30 

14. A method of assaying for a target ligand in a sample 
comprising the steps of: 

(a) contacting a volume of the sample with a 
device, said device comprising (i) a porous 35 
member and a receptor immobilised in said 
porous member, said receptor for immobilising 

by specific binding said target ligand or a 
labelled ligand analogue conjugate in said 
porous member, and (ii) a non-absorbent mem- 40 
ber having a textured surface, said non-absorb- 
ent member being in fluid communication with 
said porous member, said non-absorbent 
member being directly in contact and forming a 
network of capillary channels with said porous 45 
member so that when the sample alone or in 
combination with other fluids, is added to said 
porous member, fluid is drawn through said 
porous member to said non-absorbent mem- 
ber; 50 

(b) contacting a volume of said labelled ligand 
analogue conjugate to said device so that said 
labelled ligand analogue conjugate specifically 
binds to said receptor; and 55 

(c) relating the amount of said labelled ligand 
analogue conjugate bound to said receptor to 



the presence or amount of said target ligand in 
said sample. 

15. A method according to claim 14, wherein said 
device further comprises a non-absorbent third 
member disposed substantially above or around 
said porous member, with at least one opening to 
access said porous member, such that fluids 
applied to said opening wick over or into said 
porous member. 

1 6. A method of assaying for a target ligand in a sample 
comprising the steps of: 

(a) contacting a volume of said sample with a 
labelled ligand analogue conjugate and a 
receptor so that said receptor specifically binds 
said target ligand and said labelled ligand ana- 
logue conjugate, to form a reaction mixture; 

(b) contacting a volume of said reaction mixture 
with a device, said device comprising (i) a 
porous member and a binding agent immobi- 
lised in said porous member, said binding 
agent for immobilising by specific binding said 
receptor in said porous member, and (ii)a non- 
absorbent member having a textured surface, 
said non-absorbent member being in fluid com- 
munication with said porous member, said non- 
absorbent member being directly in contact 
and forming a network of capillary channels 
with said porous member so that when the 
reaction mixture, alone or in combination with 
other fluids, is added to said porous member, 
fluid is drawn through said porous member to 
said non-absorbent member; and 

(c) relating the amount of said labelled ligand 
analogue conjugate bound to said binding 
agent to the presence or amount of said target 
ligand in said sample. 

17. A method according to claim 16, wherein said 
device further comprises a non-absorbent third 
member disposed substantially above or around 
said porous member, with at least one opening to 
access said porous member, such that fluids 
applied to said opening wick over or into said 
porous member. 

1 8. A method of assaying for a target ligand in a sample 
comprising the steps of: 

(a) contacting a volume of said sample with a 
labelled ligand analogue conjugate and a first 
receptor so that said first receptor specifically 
binds said target ligand and said labelled ligand 
analogue conjugate, to form a reaction mixture; 
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(b) contacting a volume of said reaction mixture 
with a device, said device comprising (i) a 
porous member and a second receptor immo- 
bilised in said porous member, said second 
receptor for immobilising in said porous mem- 5 
ber by specific binding said labelled ligand ana- 
logue conjugate not bound to the first receptor, 
and (ii) a non-absorbent member having a tex- 
tured surface, said non-absorbent member 
being in fluid communication with said porous 10 
member, said non-absorbent member being 
directly in contact and forming a network of 
capillary channels with said porous member so 
that when the reaction mixture, alone or in 
combination with other fluids, is added to said 75 
porous member, fluid is drawn through said 
porous member to said non-absorbent mem- 
ber, and (iii) a non-absorbent third member dis- 
posed substantially above or around said 
porous member (i), with at least one opening to 20 
access said porous member, such that fluids 
applied to said opening wick over or into said 
porous member; and 

(c) relating the amount of said labelled ligand 25 
analogue conjugate bound to said second 
receptor to the presence or amount of said tar- 
get ligand in said sample. 

PatentansprOche 30 

1. Vorrichtung zur Durchfuhrung eines heterogenen 
Assays, umfassend: 

(a) ein poroses Bauteil, umfassend eine Viel- 35 
zahl von Poren fur den physikalischen Ein- 
schluB mindestens eines ZieSliganden in dem 
porOsen Bauteil von einer Fluidprobe, wobei 
das porOse Bauteil so ausgelegt ist, daft es ein 
markiertes Reagenz zum Nachweisen des Vor- 40 
liegens Oder der Menge des mindestens einen 
Zielliganden aufnimmt; und 

(b) ein nicht-absorbierendes Bauteil mit einer 
texturierten Oberf lache, wobei das nicht-absor- 45 
bierende Bauteil in Fluidverbindung mit dem 
porOsen Bauteil steht, wobei das nicht-absor- 
bierende Bauteil direkt mit dem porOsen Bau- 
teil in Kontakt steht und mit diesem ein Netz 
von kapillaren Kanaien bildet, wobei die Fluid- so 
verbindung in den kapillaren Kanaien von dem 
porOsen Bauteil zu dem nicht-absorbierenden 
Bauteil geht. 

2. Vorrichtung zur Durchfuhrung eines heterogenen 55 
Assays, umfassend: 

(a) ein poroses Bauteil, umfassend mindestens 
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ein in mindestens einer Zone immobilisiertes 
Bindungsmittel, wobei das Bindungsmittel zur 
Immobilisierung durch spezifisches Binden 
wenigstens eines Zielliganden in dem porOsen 
Bauteil von einer Fluidprobe in der mindestens 
einen Zone in der Lage ist, wobei das porOse 
Bauteil so ausgelegt ist, daB es ein markiertes 
Reagenz zum Nachweisen des Vorliegens 
Oder der Menge des mindestens einen Zielli- 
ganden aufnimmt; und 

(b) ein nicht-absorbierendes Bauteil mit einer 
texturierten Oberf lache, wobei das nicht-absor- 
bierende Bauteil in Fluidverbindung mit dem 
porOsen Bauteil steht, wobei das nicht-absor- 
bierende Bauteil direkt mit dem porOsen Bau- 
teil in Kontakt stent und mit diesem ein Netz 
von kapillaren Kanaien bildet, wobei die Fluid- 
verbindung in den kapillaren Kanaien von dem 
porOsen Bauteil zu dem nicht-absorbierenden 
Bauteil geht. 

3. Vorrichtung gemaB Anspruch 2, wobei das Bin- 
dungsmittel ein Ligand-Rezeptor ist. 

4. Vorrichtung gemaB Anspruch 3, wobei der Ligand- 
Rezeptor ein monoklonaler AntikOrper ist. 

5. Vorrichtung zur Durchfuhrung eines heterogenen 
Assays, umfassend: 

(a) ein poroses Bauteil, umfassend mindestens 
ein Bindungsmittel in der Form eines in minde- 
stens einer Zone immobilisierten Ligand- 
Rezeptors, wobei der Ligand-Rezeptor zur 
Immobilisierung durch spezifisches Binden 
mindestens eines Ligand-Analog-Konjugats 
Oder mindestens eines Zielliganden in dem 
porOsen Bauteil in der Lage ist, so daB das 
mindestens eine Ugand-Analog-Konjugat in 
einer Menge immobilisiert wird, die zu der 
Menge des mindestens einen Zielliganden in 
einer Fluidprobe in der mindestens einen Zone 
in Beziehung steht, wobei das porOse Bauteil 
so ausgelegt ist, daB es mindestens ein 
Ligand-Analog-Konjugat zum Nachweisen des 
Vorliegens Oder der Menge des mindestens 
einen Zielliganden aufnimmt; und 

(b) ein nicht-absorbierendes Bauteil mit einer 
texturierten Oberf lache, wobei das nicht-absor- 
bierende Bauteil in Fluidverbindung mit dem 
porOsen Bauteil steht, wobei das nicht-absor- 
bierende Bauteil direkt mit dem porOsen Bau- 
teil in Kontakt steht und mit diesem ein Netz 
von kapillaren Kanaien bildet, wobei die Fluid- 
verbindung in den kapillaren Kanaien von dem 
porOsen Bauteil zu dem nicht-absorbierenden 
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Bauteit geht. 

6. Vorrichtung gemflB Anspruch 5, wobei der Ligand- 
Rezeptor ein monoWonaler AntikOrper ist. 

5 

7. Vorrichtung gemaB mindestens einem der AnsprO- 
che 1 bis 6, weiterhin umfassend: 

ein nicht-absorbierendes drittes Bauteil, das im 
wesentlichen oberhalb Oder urn das porflse 10 
Bauteil herum angeordnet ist, mit mindestens 
einer Offnung for den Zugang zu dem porOsen 
Bauteil, so daB auf die Offnung aufgebrachte 
Fluide uber dem porflsen Bauteil Oder in dieses 
angesaugt werden. is 

8. Vorrichtung gemaB mindestens einem der Anspru- 
che 1 bis 7, wobei das porOse Bauteil eine Nylon- 
membran ist. 

20 

9. Verfahren zur DurchfQhrung eines nicht-kompetiti- 
ven Ligand-Rezeptor- Assays unter Verwendung 
der Vorrichtung gemaB mindestens einem der 
Anspruche 2 bis 8, umfassend die Schritte: 

25 

(a) Aufbringen eines Volumens der Probe aul 
die Vorrichtung; 



(a) Kontaktieren eines Volumen einer Probe mit 
einer Vorrichtung, wobei die Vorrichtung (i) ein 
poroses Bauteil und ein in dem portisen Bauteil 
immobilisiertes Bindungsmittel, das Bindungs- 
mittel zur Immobilisierung durch spezifisches 
Binden des Zielliganden in dem porOsen Bau- 
teil, und (ii) ein nicht-absorbierendes Bauteil 
mit einer texturierten OberflSche in Fluidverbin- 
dung mit dem porGsen Bauteil umfaBt, und 
wobei das nicht-absorbierende Bauteil direkt 
mit dem porOsen Bauteil in Kontakt steht und 
mit dtesem ein Netz von kapillaren Kanaien bil- 
det, so daB, wenn die Probe allein oder in Kom- 
bination mit anderen Fluiden dem porOsen 
Bauteil zugegeben wird, Fluid durch das 
porttee Bauteil zu dem nicht-absorbierenden 
Bauteil hingezogen bzw. angesaugt wird; 

(b) Kontaktieren eines Volumens eines mar- 
kierten Reagenz mit der Vorrichtung, so daB 
das markierte Reagenz spezifisch an den 
immobilisierten Zielliganden bindet; und 

(c) In-Beziehung-Setzen der Menge des an 
den immobilisierten Zielliganden gebundenen 
markierten Reagenz zu dem Vorliegen oder 
der Menge des Liganden in der Probe. 



(b) Zugeben eines Volumens eines markierten 
zweiten Bindungsmittels, das zum Binden an 30 
den zwischen dem Zielliganden und dem 
gebundenen Bindungsmittel gebildeten Kom- 
plex in der Lage ist; und 

(c) Waschen, urn OberschOssige ungebundene 35 
Reagenzien zu entfernen. 



10. Verfahren zur DurchfQhrung eines kompetitiven 
Ligand-Rezeptor-Assays unter Verwendung der 
Vorrichtung gemaB mindestens einem der AnsprO- 40 
che 3 bis 8, umfassend die Schritte: 



1 1 . Verfahren zum Analysieren eines Target-Liganden, 
umfassend die Schritte: 



12. Verfahren gemSB Anspruch 12, wobei das Bin- 
dungsmittel ein Rezeptor zur Immobilisierung durch 
spezifisches Binden des Zielliganden in dem poro- 
sen Bauteil ist. 

13. Verfahren zum Testen auf einen Zielliganden in 
einer Probe, umfassend die Schritte: 

(a) Kontaktieren eines Volumens der Probe mit 
einem ersten Rezeptor und einem zweiten 
markierten Ligand-Rezeptor, daB beide den 
Zielliganden spezifisch binden, wodurch ein 
Reaktionsgemisch gebildet wird; 

(b) Kontaktieren eines Volumens des Reakti- 
onsgemisches mit einer Vorrichtung, wobei die 
Vorrichtung (i) ein poroses Bauteil und ein in 
dem porOsen Bauteil immobilisiertes Bin- 
dungsmittel, das Bindungsmittel zur Immobili- 
sierung durch spezifisches Binden des ersten 
Rezeptors in dem porOsen Bauteil, und (ii) ein 
nicht-absorbierendes Bauteil mit einer textu- 
rierten Oberfiache umfaBt, wobei das nicht- 
absorbierende Bauteil in Fluidverbindung mit 
dem porOsen Bauteil steht, wobei das nicht- 
absorbierende Bauteil direkt mit dem porOsen 
Bauteil in Kontakt steht und mit diesem ein 
Netz von kapillaren Kanaien bildet, so daB, 
wenn das Reaktionsgemisch allein oder in 
Kombination mit anderen Fluiden dem porOsen 



(a) Aufbringen eines Volumens der Probe auf 
die Vorrichtung, wobei die Probe mindestens 
einen der Zielliganden und mindestens ein 45 
markiertes Ligand-Analog umfaBt, das zum 
Konkurrieren mit dem Zielliganden urn das Bin- 
den des in dem porOsen Bauteil gebundenen 
Ligand-Rezeptors in der Lage ist; 

50 

(b) Bindenlassen des markierten Ugand-Ana- 
logs an den gebundenen Ligand-Rezeptor; und 

(c) Waschen, urn OberschOssige ungebundene 
Reagenzien zu entfernen. 55 
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Bauteil zugegeben wird, Fluid durch das 
porose Bauteil zu dem nicht-absorbierenden 
Bauteil hingezogen wird; und 

(c) In-Beziehung-Setzen der Menge des an 5 
das Bindungsmittel gebundenen zweiten mar- 
kierten Ligand-Rezeptors zu dem Vorliegen 
oder der Menge des Zielliganden in der Probe. 

14. Verfahren zum Testen auf einen Zielliganden in io 
einer Probe, umfassend die Schritte: 

(a) Kontaktieren eines Volumens der Probe mit 
einer Vorrichtung, wobei die Vorrichtung (i) ein 
poroses Bauteil und einen in dem porOsen is 
Bauteil immobilisierten Rezeptor, den Rezep- 

tor zur Immobilisierung durch spezif isches Bin- 
den des Zielliganden oder eines markierten 
Ugand-Analog-Konjugats in dem porOsen Bau- 
teil, und (ii) ein nicht-absorbierendes Bauteil 20 
mit einer texturierten Oberfiache umfaBt, wobei 
das nicht-absorbierende Bauteil in Fluidverbin- 
dung mit dem pordsen Bauteil stent, wobei das 
nicht-absorbierende Bauteil direkt mit dem 
porOsen Bauteil in Kontakt stent und mit die- 25 
sem ein Netz von kapillaren KanSlen bildet, so 
daB, wenn die Probe allein oder in Kombination 
mit anderen Fluiden dem porOsen Bauteil 
zugegeben wird, Fluid durch das porOse Bau- 
teil zu dem nicht-absorbierenden Bauteil hinge- 30 
zogen wird; 

(b) Kontaktieren eines Volumens des markier- 
ten Ugand-Analog-Konjugats mit der Vorrich- 
tung, so da(3 das markierte Ligand -Analog- 35 
Konjugat spezif isch an den Rezeptor anbindet; 
und 

(c) In-Beziehung-Setzen der Menge des an 
den Rezeptor gebundenen markierten Ligand- 40 
Analog-Konjugats zu dem Vorliegen oder der 
Menge des Zielliganden in der Probe. 

15. Verfahren gemafl Anspruch 14, wobei die Vorrich- 
tung weiterhin ein nicht-absorbierendes drittes 45 
Bauteil umfaBt, das im wesentlichen oberhalb oder 

urn das porOse Bauteil herum angeordnet ist, mit 
mindestens einer Offnung far den Zugang zu dem 
porOsen Bauteil, so daB auf die Offnung aufge- 
brachte Fluide uber dem porOsen Bauteil oder in so 
dieses angesaugt werden. 

16. Verfahren zum Testen auf einen Zielliganden in 
einer Probe, umfassend die Schritte: 

55 

(a) Kontaktieren eines Volumens der Probe mit 
einem markierten Ligand- Analog- Konjugat und 
einem Rezeptor, so daB der Rezeptor spezi- 
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fisch den Zielliganden und das markierte 
Ligand-Analog-Konjugat bindet, wodurch ein 
Reaktionsgemisch gebildet wird. 

(b) Kontaktieren eines Volumens des Reakti- 
onsgemisches mit einer Vorrichtung, wobei die 
Vorrichtung (i) ein poroses Bauteil und ein in 
dem porOsen Bauteil immobiiisiertes Bin- 
dungsmittel, das Bindungsmittel zur Immobili- 
sierung durch spezifisches Binden des 
Rezeptors in dem porOsen Bauteil, und (ii) ein 
nicht-absorbierendes Bauteil mit einer textu- 
rierten Oberfiache umfaBt, wobei das nicht- 
absorbierende Bauteil in Fluidverbindung mit 
dem porOsen Bauteil steht, wobei das nicht- 
absorbierende Bauteil direkt mit dem porOsen 
Bauteil in Kontakt steht und mit diesem ein 
Netz von kapillaren Kanaien bildet, so daB, 
wenn das Reaktionsgemisch allein oder in 
Kombination mit anderen Fluiden dem porOsen 
Bauteil zugegeben wird, Fluid durch das 
porOse Bauteil zu dem nicht-absorbierenden 
Bauteil hingezogen wird; 

(c) In-Beziehung-Setzen der Menge des an 
das Bindungsmittel gebundenen markierten 
Ligand-Analog-Konjugats zu dem Vorliegen 
oder der Menge des Zielliganden in der Probe. 

17. Verfahren gemaB Anspruch 16, wobei die Vorrich- 
tung weiterhin ein nicht-absorbierendes drittes 
Bauteil umfaBt, das im wesentlichen oberhalb oder 
urn das porOse Bauteil herum angeordnet ist, mit 
mindestens einer Offnung fur den Zugang zu dem 
porOsen Bauteil, so daB auf die Offnung aufge- 
brachte Fluide uber dem porOsen Bauteil oder in 
dieses angesaugt werden. 

18. Verfahren zum Testen auf einen Zielliganden in 
einer Probe, umfassend die Schritte: 

(a) Kontaktieren eines Volumens der Probe mit 
einem markierten Ligand-Analog-Konjugat und 
einem ersten Rezeptor, so daB der erste 
Rezeptor spezif isch den Zielliganden und das 
markierte Ligand-Analog-Konjugat bindet, 
wodurch ein Reaktionsgemisch gebildet wird; 

(b) Kontaktieren eines Volumens des Reakti- 
onsgemisches mit einer Vorrichtung, wobei die 
Vorrichtung (i) ein poroses Bauteil und einen in 
dem porOsen Bauteil immobilisierten zweiten 
Rezeptor, der zweite Rezeptor zur Immobilisie- 
rung in dem porOsen Bauteil durch spezifi- 
sches Binden des markierten Ligand-Analog- 
Konjugats, das nicht durch den ersten Rezep- 
tor gebunden ist, und (ii) ein nicht-absorbieren- 
des Bauteil mit einer texturierten Oberfiache, 
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wobei das nicht-absorbierende Bauteil in Fluid- 
verbindung mit dem pordsen Bauteil steht, 
wobei das nicht-absorbierende Bauteil direkt 
mit dem porosen Bauteil in Kontakt steht und 
mitdiesem ein Netz von kapillaren Kanaien bil- 
det, so daft, wenn das Reaktionsgemisch allein 
Oder in Kombination mit anderen Fluiden dem 
porosen Bauteil zugegeben wird, Fluid durch 
das porose Bauteil zu dem nicht-absorbieren- 
den Bauteil hingezogen wird, und (iii) ein nicht- 
absorbierendes drittes Bauteil urrrfaGt, das im 
wesentiichen oberhalb oder urn das porose 
Bauteil (0 herum angeordnet ist, mit minde- 
stens einer Offnung fur den Zugang zu dem 
porosen Bauteil, so daft auf die Offnung aufge- 
brachte Fluide uber dem porosen Bauteil Oder 
in dieses angesaugt werden; 

(c) In-Beziehung-Setzen der Menge des an 
den zweiten Rezeptor gebundenen markierten 
Ligand-Analog-Konjugats zu dem Vorliegen 
oder der Menge des Zielliganden in der Probe. 



Revendications 

1. Un appareil destine a realiser un test heterogene, 
comprenant : 

(a) un Element poreux comprenant une plura- 
lite de pores pour la capture physique d'au 
moins un ligand cible dans ledit element 
poreux a partir d'un echantillon fluide, ledit ele- 
ment poreux etant adapte a recevoir un reactif 
marque pour la detection de la presence ou de 
la quantity d'au moins un dudit ligand cible ; et 

(b) un Element non-absorbant ayant une sur- 
face de consistance rugueuse, ledit element 
non-absorbant £tat en communication fluide 
avec ledit £!6ment poreux, ledit element non- 
absorbant etat directement en contact et for- 
mant un reseau de canaux capillaires avec 
ledit element poreux, dans lequel ladite com- 
munication fluide dans lesdits canaux capillai- 
res se fait dudit element poreux audit element 
non-absorbant. 

2. Un appareil destine a realiser un test heterogene, 
comprenant : 

(a) un Element poreux comprenant au moins 
un agent liant immobilise sur au moins une 
zone, ledit agent liant etant capable d'immobili- 
ser par liaison specifique au moins un ligand 
cible dans ledit element poreux a partir d'un 
echantillon fluide dans au moins ladite zone, 
ledit element poreux etat adapte a recevoir un 
reactif marque pour la detection de la presence 



et de la quantite d'au moins un dudit ligand 
cible ; et 

(b) un element non-absorbant ayant une tex- 
5 ture de consistance rugueuse, ledit element 

non-absorbant permettant la communication 
fluide avec ledit element poreux, ledit element 
non-absorbant etant directement en contact et 
formant un r6seau de canaux capillaires avec 
10 ledit element poreux, dans lequel ladite com- 

munication fluide dans lesdits canaux capillai- 
res se fait de I'element poreux audit element 
non-absorbant. 

75 3. Un appareil selon la revendication 1 , dans lequel 
ledit agent liant est un recepteur de ligand. 

4. Un appareil selon la revendication 3, dans lequel 
ledit recepteur du ligand est un anticorps monoclo- 
ne nal. 

5. Un appareil destine a realiser un test heterogene, 
comprenant : 

25 (a) un element poreux comprenant au moins 

un agent liant sous la forme d'un recepteur de 
ligand immobilise sur au moins une zone, ledit 
recepteur de ligand etant capable d'immobiiiser 
par liaison specifique au moins un conjugue 

30 analogue de ligand ou au moins un ligand cible 

dans ledit element poreux de telle sorte que 
ledit au moins un conjugue analogue de ligand 
est immobilise en une quantite en relation avec 
la quantite d'au moins un dudit ligand cible 

35 dans I'echantillon fluide dans au moins ladite 

zone, ledit element poreux etant adapte af in de 
recevoir au moins un dudit conjugue analogue 
de ligand pour la detection de la presence ou 
de la quantite d'au moins un dudit ligand cible ; 

40 et 

(b) un element non-absorbant ayant une sur- 
face de consistance rugueuse, ledit element 
non-absorbant permettant une communication 

45 fluide avec ledit element poreux, ledit element 

non-absorbant etant directement en contact et 
formant un reseau de canaux capillaires avec 
ledit element poreux, dans laquelle ladite com- 
munication fluide dans lesdits canaux capiliai- 

so res se fait dudit element poreux audit element 

non-absorbant. 

6. Un appareil selon la revendication 5 dans lequel le 
recepteur de ligand est un anticorps monociononal. 
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7. Un appareil selon I'une quelconque des revendica- 
tions 1 a 6 comprenant egalement : 
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un troisieme element non-absorbant dispose 
sensiblement au-dessus et autour dudit ele- 
ment poreux, avec au moins une ouverture 
pour I'acces audit Element poreux, de telle 
sorte que les fluides appliques k ladite ouver- s 
ture passent au-dessus et dans I'element 
poreux. 

8. Un appareil selon Tune quelconque des revendica- 
tions 1 & 7 dans lequel ledit element poreux est une 10 
membrane de nylon. 

9. Une methode destinee & realiser un test non com- 
petitif d'un recepteur de ligand utilisant I'appareil 
selon Tune quelconque des revendications 2 a 8, 75 
comprenant les 6tapes consistant k : 



10. Une methode destine k realiser un test competitif 
d'un recepteur de ligand utilisant I'appareil selon 30 
Tune quelconque des revendications 3 a 8, compre- 
nant les etapes consistant k : 



fluide avec ledit element poreux, et ledit ele- 
ment non-absorbant etant directement en con- 
tact et formant un reseau de canaux capillaires 
avec ledit element poreux de telle sorte que 
lorsque I'echantillon, seul ou en combinaison 
avec d'autres fluides, est ajoute audit element 
poreux, le fluide passe dudit element poreux 
audit element non-absorbant ; 

(b) mettre en contact un volume du reactif mar- 
que avec ledit appareil de telle sorte que le rea- 
tif marque se lie specif iquement au ligand cible 
immobilise ; et 

(c) etalonner la quantite dudit reactif marque 
fixe audit ligand cible immobilise par rapport a 
la presence ou k la quantite dudit ligand dans 
ledit echantillon. 

12. Une methode selon la revendication 11, dans 
laquelle ledit agent liant est un recepteur permet- 
tant rimmobilisation par liaison specifique dudit 
ligand cible sur ledit element poreux. 

13. Une methode d'analyse d'un ligand cible dans un 
echantillon comprenant les etapes consistant a: 

(a) mettre en contact un volume dudit echan- 
tillon avec un premier recepteur et un second 
recepteur de ligand marque qui tous les deux 
se lient specifiquement audit ligand cible. afin 
de former un melange de reaction ; 



(a) appliquer un volume dudit echantillon sur 
ledit appareil ; 

20 

(b) ajouter un volume d'un second agent liant 
marque capable de se lier au complexe forme 
entre ledit ligand cible et ledit agent liant fixe ; 
et 

25 

- (c) laver afin d'enlever I'exces de reactif non 
fixe. 



(a) appliquer un volume dudit echantillon audit 
appareil, ledit echantillon comprenant un au 35 
moins dudit ligand cible et un au moins dudit 
analogue du ligand marque capable d'entrer en 
competition avec ledit ligand cible pour la 
liaison audit recepteur de ligand fixe audit ele- 
ment poreux ; 40 

(b) laisser ledit analogue de ligand marque se 
lier audit recepteur de ligand fixe ; et 

(d) laver afin d'enlever I'exces de reactif non 45 
fixe. 

11. Une methode d'analyse d'un ligand cible compre- 
nant les etapes consistant k : 

50 

(a) mettre en contact un volume d'un echan- 
tillon avec Tappareil, ledit appareil comprenant 
(i) un element poreux et un agent liant immobi- 
lise sur ledit element poreux, ledit agent liant 
permettant d'immobiliser par liaison specifique 55 
ledit ligand cible sur ledit element poreux, et (ii) 
un element non-absorbant ayant une surface 
de consistence rugueuse en communication 



(b) mettre en contact un volume dudit melange 
de reaction avec un appareil, ledit appareil 
comprenant (Q un element poreux et un agent 
liant immobilise sur ledit element poreux, ledit 
agent liant permettant d'immobiliser par liaison 
specifique ledit premier recepteur sur ledit ele- 
ment poreux et, (ii) un element non-absorbant 
ayant une surface de consistance rugueuse. 
ledit element non-absorbant etant en commu- 
nication fluide avec ledit element poreux, ledit 
element non-absorbant etant directement en 
contact et formant un reseau de canaux capil- 
laires avec ledit element poreux de telle sorte 
quequand ledit melange de reaction seul ou en 
combinaison avec d'autres fluides. est ajoute 
audit element poreux, le fluide passe dudit ele- 
ment poreux audit element non-absorbant ; et 

(c) etalonner la quantite dudit second recepteur 
de ligand marque fixe sur ledit agent liant k la 
presence ou la quantite dudit ligand cible dans 
ledit echantillon. 

14. Une methode d'analyse d'un ligand cible dans un 
echantillon comprenant les etapes consistant k : 
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(a) mettre en contact un volume de I'echantillon 
avec un appareil, ledit appareil comprenant (i) 
un element poreux et un recepteur immobilise 
sur ledit element poreux, ledit recepteur per- 
mettant d'immobiliser par liaison specifique 5 
ledit ligand cible ou un conjugue analogue du 
ligand marque sur ledit element poreux et (ii) 

un element non-absorbant ayant une surface 
de consistance rugueuse, ledit element non- 
absorbant etant en communication fluide avec 10 
I'element non poreux, ledit element non-absor- 
bant etant directement en contact etformant un 
reseau de canaux capillaires avec ledit ele- 
ment poreux de telle sorte que lorsque I'echan- 
tilion seul ou en combinaison avec d'autres 75 
fluides, est ajoute audit element poreux, le 
fluide passe dudit element poreux audit ele- 
ment non-absorbant ; 

(b) mettre en contact un volume dudit conjugue 20 
analogue de ligand marque avec ledit appareil 

de telle sorte que ledit conjugue analogue de 
ligand marque se lie specifiquement audit 
recepteur ; et 

25 

(c) etalonner la quantite dudit analogue conju- 
gue de ligand marque lie audit recepteur par 
rapport a la presence ou a la quantite dudit 
ligand cible dans ledit echantillon. 

30 

15. Une methode selon la revendication 14, dans 
laquelle ledit appareil comprend 6galement un troi- 
sieme element non-absorbant dispose sensible- 
ment au-dessus ou autour de I'element poreux, 
avec au moins une ouverture pour I'acc&s audit ele- 35 
ment poreux, de telle sorte que les fluides qui sont 
appliques a ladite ouverture passent au-dessus et 
dans ledit element poreux. 

16. Une methode d'analyse du ligand cible dans un 40 
echantillon comprenant les elapes consistant a : 

(a) mettre en contact un volume dudit echan- 
tillon avec un conjugue analogue de ligand 
marque et un recepteur de telle sorte que le 45 
recepteur se lie specifiquement audit ligand 
cible et audit conjugue analogue de ligand mar- 
que, pour former un melange de reaction ; 

(b) mettre en contact un volume dudit melange so 
de reaction avec I'appareil, ledit appareil com- 
prenant (i) un element poreux et un agent liant 
immobilise sur ledit element poreux, ledit agent 
liant pour immobiliser par liaison specifique 
ledit recepteur sur ledit element poreux, et (ii) 55 
un element non-absorbant ayant une surface 

de consistance rugueuse, ledit element non- 
absorbant etant en communication fluide avec 



ledit element poreux, ledit element non-absor- 
bant etant directement en contact et formant un 
reseau de canaux capillaires avec ledit Ele- 
ment poreux de telle sorte que le melange de 
reaction, seul ou en combinaison avec d'autres 
fluides, est ajoute audit element poreux, le 
fluide passe dudit element poreux audit ele- 
ment non-absorbant ; et 

(c) etalonner la quantite dudit conjugue analo- 
gue de ligand marque lie audit agent liant par 
rapport a la presence ou a la quantite dudit 
ligand cible dans ledit echantillon. 

17. Une methode selon la revendication 16, dans 
laquelle ledit echantillon comprend 6galernent un 
troisieme element non-absorbant dispose sensible- 
ment au-dessus ou autour dudit element poreux, 
avec au moins une ouverture pour faeces audit ele- 
ment poreux, de telle sorte que les fluides appli- 
ques a ladite ouverture passent au-dessus et dans 
ledit 6l6ment poreux. 

18. Une methode d'analyse du ligand cible dis un 
echantillon comprenant les etapes consistant a : 

(a) mettre en contact un volume dudit echan- 
tillon avec un conjugue analogue de ligand 
marque et un premier recepteur de telle sorte 
que ledit premier recepteur se lie specifique- 
ment audit ligand cible et audit conjugue analo- 
gue de ligand marque afin de former un 
melange de reaction ; 

(b) mettre en contact un volume dudit melange 
de reaction avec I'appareil, ledit appareil com- 
prenant (i) un element poreux et un deuxieme 
recepteur immobilise sur ledit element poreux, 
ledit deuxieme recepteur pour immobiliser sur 
ledit element poreux par liaison specifique ledit 
conjugue analogue de ligand marque non lie 
au premier recepteur, et (ii) un element non- 
absorbant ayant une surface de consistance 
rugueuse, ledit element non-absorbant etant 
en communication fluide avec ledit element 
poreux, ledit element non-absorbant etant 
directement en contact et formant un reseau de 
canaux capillaires avec ledit element poreux 
de telle sorte que lorsque le melange de reac- 
tion, seul ou en combinaison avec d'autres flui- 
des, est ajoute audit element poreux, le fluide 
passe dudit element poreux audit element non- 
absorbant, et (iii) un troisieme element non- 
absorbant dispose sensiblement au-dessus ou 
autour dudit Element poreux (i), avec au moins 
une ouverture afin d'acceder audit element 
poreux, de telle sorte que les fluides qui sont 
appliques a ladite ouverture passent au-des- 
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8us et k I'interieur dudit element poreux; et 

(c) etalonner la quantity dudit conjugue analo- 
gue de ligand marque audit deuxieme recep- 
teur par rapport d la presence ou & la quantite s 
dudit ligand cible dans ledit echantiilon. 
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FIG. 7 
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FIG. 8 
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